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Abstract

Objective: To explore the predictive indicators for the reversibility of renal impairment in patients with
newly diagnosed multiple myeloma (NDMM) and to preliminarily construct a prediction model. Meth-
ods: The clinical data of 101 NDMM patients with renal impairment admitted to our hospital from March
2013 to March 2025 were collected and retrospectively analyzed. According to the criteria for renal
response to anti-myeloma therapy defined by the International Myeloma Working Group (IMWG), the
patients were divided into a renal recovery group and a renal non-recovery group. The general clinical
characteristics and laboratory examinations of the two groups were compared. Univariate and multi-
variate logistic regression analyses were performed to identify the independent influencing factors for
renal recovery and to construct a prediction model. Results: Multivariate logistic regression analysis
demonstrated that albumin was a protective factor for the recovery of renal impairment in patients
with multiple myeloma, whereas cystatin C was a risk factor (P < 0.05). The constructed prediction
model was formulated as P(z) = 1/(1 + e~?), where z = -3.888 + 0.123 x albumin - 0.827 x cystatin C.
The optimal cut-off value for the combined predicted probability was 0.73. At this threshold, the sensi-
tivity was 80.6% and the specificity was 82.8%. Conclusions: Serum albumin and cystatin C are inde-
pendent predictors for the recovery of renal impairment in patients with NDMM, and the prediction
model constructed by combining these two indicators demonstrates favorable predictive efficacy.
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1. 5|8

% R #8 (multiple myeloma, MM — i 2% 240 Al v [ 14 38 5 iy SO 1t g, R 3 7E 24N
FI MR R G i Jm S A 1] (2], & S o SRR, BRI — K, AT RE A
ZRHAME T RAEWRE, FIWFFRERIONITM. S IGE. BEERE, Bl REREB], HE
A A5 T IR A% O R R SR A L 7 A 0 B T R i B AR RE (4] (5], EANE S NE N RS B S BORERH, IR EE
BHEE/NEAM6]. RN EESME. Bk SRR MUESH RS E MRS, &E&FECE et
Tell. BUREMREL MM B REREIE 20%~40%, &S AEFIGE ML TGN K7, WE
MK RFERE )5 697 4 B PR B TAEALIMWG) LR N A 2, vl /EE BESR AH ¢ B DhRe 24 /&
HWHIURIATT, RIS 70% DA b (0 B 5 A A SR AS B D Re i, RIS A A FEUE B MM R B R
A] DL PR ARG S BRARAE T 2R [8] [9]. EAth, BHIASC i AR Al Pt B B 5 B I SCRRVR T R L,
XA B TR S DR R A BB AR AT . AW FRURER 101 BRI A B 4 1) 2 A 1 i 68 i
F, AR ARG R TOREAT [RUBER 7T, 8 A MM RS S DI Re i Ik S T R 25, AP B il
DAY, T IRRBE T, $&m MM B DR 26 R e AR A7 56 7 T R A B2 .

2. RBIFER
2.1. —HRER
UHE 2013 4F 3 F % 2025 4F 3 A T2 BB R A 2455 — R EE B ML M RHII S MM IR0 1 Sh s
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FEREERK TR, MM 2 BibsE S5 2 Wikr e 225 22 R B BEJR IR RS2 48 79 (2017.V3 fiR) [10],
FH IMWG bR HER B 453 8 ORI ENLET > 2 mg/dL BRLETE K% (CrCl) <40 ml/min [11], & CKD-
EPI A iH5 eGFR A4 B IHE[12].

PINFRE: 1. ERGEAISHIG BIGIR R e B 2 R M R B3 2 AP a BB e bt 3.
BINRECE R 20 6 Jis 4y BUERILST 4 NEWILL b HEBRARHE: 1. BEARAZAE BRI ;2. &
A I . R S v] et i B R (SRR . 3. IR E OB . IR M . Bk e
855 4, B TERALR LRVINES « A REERTEFAC S RS RAE R EHATAR LS. YX2022008).

22, 5k

W R TG AR B S8 A A VERE, ARG — MOl MR AEAARER . R AT IS SRR )T T RS E
B AR KEAS(mmol/L)= Ml E45(mmol/L)+0.02 x [40 — 45 A8 A(g/L)]iHER IE G M55, s
IMWG & X IHUE BB AT S I BLIARE, 58 SUE RGO, H4 B IR 564 OB 35590 RS A /NI i) 7
SCHBEBUIRE A, TR R N E SCAE B AR E A, 100 N5 N Bk S A AR 4

2.3. GES

KH SPSS27.0 AT AT Gi i F# o AT AbFE . IR ARSI B DL X +5 RoR, A B AL AEA ¢
U, A AR DL M(P25, P75)RoR, AR EHE HAESH06 K (Mann Whitney U 556, 20 7] E %
K 2 K568k Fisher ARG . KR 0 P < 0.05 (AR ANZ KR Logistic [T/ 87, ik
SEFCIR R 2R A R TR A, AR A AR v i@ i Hosmer-Lemeshow $LA& 10 BEAG IO AL « 220528038 TRy
flE(receiver operating characteristic, ROC) £k 73 #r -1+ 5 1 25 T [ # (area under curve, AUC) LAVEA T 2%
AE, MWL ETRBBURNE + FemtE — 1)RIE HAEBINTE, KH DeLong fidutbEl AUC Z IR Z 5+
Mo FE M i T IS R EUE Y IR OK, ASGER AL & A s 25 S TR, FRATD AT TR 10
N0 U ¥ FE AN 53 AT

3. 58
3.1. EXHEN

HFFEIIHARERT 101 612 V5 B8R EE IR 5T, Hod B 1 68 191(67.3%), 2ot 33 1511(32.7%)
SRS M(64.29£10.91) % . AREFPAIECN 58.00kg. 101 1l #4118 D-S 70370 A1 4 151(4.0%), T3 11
%1(10.9%), TIIHA 86 51(85.1%); 1SS ZrHAZ NITH 17 $51(16.8%), TIIH 84 #1(83.2%); HHMIFTH Hikn Tl
1 IgG B S 39 111(38.6%) IgA B 24 111(23.8%) A #4ERY 19 1511(18.8%) « 52455 HY 14 4(13.9%)+
IgD %1 5 §(4.9%). 101 FIHIZEEAE B IIREIRE R MM #3570 BN B IRE A, 5B 51500 69.3%,
BRI E IR 318, &5 30.7%. BB R IGIT 7% : VAD (KEH + ZRIE + HZEK).
VRD (&K + RIABERL + HhFEKAL) VID (BB K + WRIEE G + HiZEXKH). BD (&K + He
FEKFN). VCD (& ek + BB + HiZEKHn). PCD (AL + BB + HiZEKm), Btk
PR L SR S B VK T R AT 25 1610(80.6%), B IR E 40 62 151(88.6%), W 1.

3.2. MAEBEIRKTTRIALER

PIALEE AL RFE I VA SRl ARE. Se . D-S M. 1SS 73l 2-MG. A
A BRI IR T 7 R ZE RAE(P> 0.05); W INREMI R AL IR 2 REHE. BREA . IREA
BEIER C. BrIEJE MesYe T B DhRe itk 24, MG R LAEa/ T Bk EH, 265
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M, R®E

TR (P <0.05), WE1.

Table 1. Comparison of general data and laboratory parameters between the renal recovery group and the non-recovery group

1. BRGIRE AR RS HH—ARFRAN SR E R LR

IR RKE H(n=31) BRIk E A =70) tZ¥ P

HEAE, n(%)] 19 (61.3) 49 (70.0) 0.741  0.491
R, Tts) 65.48 £11.82 64.12+10.81 0.534  0.595
1A H [kg, M(P25, P75)] 57.00 (49.00, 64.00) 58.00 (55.00, 65.00) -1.411 0.160
G55 B n(%)] 4.017 0.397

IgA Y 6 (19.4) 18 (25.7)

IgD 7Y 3(9.7) 2(2.9)

IgG 1Y 10 (32.3) 29 (41.4)

k FEER 4(12.9) 10 (14.3)

PR =3 it 8 (25.8) 11 (15.7)
D-S 4 #A[n(%)] 0.974 0.715

i1 2(6.4) 2(2.8)

1EH] 4(12.9) 7(10.9)

e 25 (80.7) 61 (87.2)
ISS 43 Hi[n(%)] 1.056  0.304

1 7(22.6) 10 (14.3)

JIIE] 24 (77.4) 60 (85.7)
15 F B A B A4 111 71 [n(%)] 25 (80.6) 62 (88.6) 1.131  0.352
B i S AR 41 i A [, M(P25, PT75)] 23.00 (8.00, 37.00) 34.48 (14.50, 49.50) -1.548 0.123
1i% 52 B4 [me/L, M(P25, P75)] 4320.00 (2320.00, 11500.00) 7390 (3250.00, 18100.00) —2.176 0.029
PR 5% 254k [mg/L, M(P25, P75)] 921.00 (135.46, 1800) 391.00 (95.80, 1020.00)  —2.217 0.026
2-MG [mg/L, M(P25, P75)] 16.80 (7.35, 21.60) 10.90 (7.23, 17.10) -1.532 0.127
Hb (g/L, X+s) 80.96 + 21.30 77.99 + 19.98 0.716  0.475
A(g/l, X+5) 28.27 + 7.46 33.13+7.78 —2.940 0.004
G(g/ll, X+5) 57.68 +22.35 51.54 +24.67 2.034  0.045
LDH [U/L, M(P25, P75)] 184 (145.00, 222.00) 167 (120.00, 232.00)  —1.864 0.062
UA (umol/L, X+s) 559.33 £ 193.21 526.20 + 189.23 0.959  0.340
BUN [mmol/L, M(P25, P75)] 15.66 (9.78, 26.36) 11.93 (8.09, 18.15) —2.084 0.037
Cys C [mg/L, M(P25, P75)] 3.08 (2.11, 4.35) 2.05 (1.18, 2.89) —3.647 <0.001
HF 1E4% [mmol/L, M(P25, P75)] 2.1(2.18,2.95) 2.48 (2.29,3.01) -2.003 0.045
P [mmol/L, M(P25, P75)] 1.67 (1.32, 1.88) 1.50 (1.31, 1.63) -1.871 0.061

H: D-S A HIK - WIRESWRS; 1SS o Eira RS f2-MG: p2 fMEk&EH; Hb: MAEH; A: HE
M; G: BRE[M; LDH: AMBEAN; UA: JRER; BUN: JRE%E; CysC: MHIE C; P: MiFEHE.

3.3. MM BE B IRER R ERZLE R Logistic EIVA5rHr
R b P < 0.05 ZEFRZEPANPILF R Logistic [FIHHTH . SR ERMERZ RZHE. IR
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2R PR C. AEASEROKIRER RP < 0.05), RMXLEREHT 7 2 HILLESH, 4
SORFTE A BT WK T (VIF)im<s, &2E5>09, RWAZRRAEAEL EILEM. KX 4 MEix
HFEMANZ R ZE Logistic FIVASHT, RAZED RIAZEGIEERE, 4RERAEALS KIS TN EE S
IHEEI R AR R Z (OR = 1.130, 95%CI: 1.050~1.217, P = 0.001), TiEHIER C =20 e E 1
fG R K 32 (OR = 0.438, 95%CI: 0.278~0.690, P < 0.001), W% 2.

3.4. X EThEERE R TN E S

TRYE 2 R 2 Logistic 1A HTHISE R, HE MM BF 8050 M TRINIELAL . B TR P(2) = 1/(1 +
e?), z=-3.888+0.123 x [ H —0.827 x Bt C, Hosmer-Lemeshow LA FEAG 46 i n A AU AL HE i
RIF(2=7.801,df=8, P=0.453), KH ROC HHZIFA AEH . Bz C. ZFHEE X B Dhre i = 1)
A, WK 1. SR EIRBEIIER C FE & A S B 2 kR R R E R IR E R AUC A

Table 2. Logistic regression analysis of renal recovery in multiple myeloma patients with renal impairment

2. ZRMEEBRSIRARER Logistic mYA5 1

5 AR 2 B A5 Z AR BHHT
/] \E
OR 95%CI P OR 95%CI P
Mk 5% R 3.148 (1.079, 9.185) 0.036 3.448 (0.880, 13.507) 0.076
IR B 0.525 (0.294, 0.940) 0.030 0.581 (0.267, 1.264) 0.171
JRER 0.987 (0.962, 1.012) 0.305
sz C 0.489 (0.326, 0.734) <0.001 0.438 (0.278, 0.690) <0.001
HEA 1.087 (1.024, 1.153) 0.006 1.130 (1.050, 1.217) 0.001
BREH 0.989 (0.972, 1.007) 0.236
B IES 1.966 (0.815, 4.746) 0.133
1.0
0.8
06
{4
0.4 ] AEA
| — IRC
— HEARAENMEC
SH LR
0.2
%%.0 0.2 0.4 0.6 0.8 1.0

155k

Figure 1. ROC curves of albumin, cystatin C, and their combina-
tion for predicting renal recovery

E 1. BEH. BtilE ¢ ZHBHAT T EHRGRETUNIN
{EHY ROC phiZk
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0.735 (95%CI: 0.631~0.840, P < 0.01)F1 0.657 (95%CI: 0.537~0.766, P = 0.019), 11} BLA& FU Y ROC Hi
2N AUC 4 0.826 (95%CI: 0.737~0.916, P < 0.01). AR4E L1 EF5E 0 AR, BEA TR 1 Fe A Im
B 0.73. 7EULERE T BUBE N 80.6%, FF5tIE N 82.8%. K DeLong f4& thik ROC ik FTHA,
45 R R IE TR B2 W e B L T R R 3R C (AUC: 0.826 vs 0.735, Z{H = 0.091,
95%CI: —0.175~0.06, P <0.05).

4. Whig

%2 RNEH R A B B A RN 2R, R IR IR AR R A AP I 5 ' Th e A% o0 (1)
CRE TR, AHH AT E = MR S 2K B0 T E SRR ThREAE LUK S e R . AWK
P = 7KF B 8 & NDMM B33 5 ThREK M R 3P RI 2, SRR R C (17 U2 LA
B IhREMK S ML R R, HLFRAR A 7R TN BE5 5 Yk 52 07 T ) R 4 3kRe, W T —Fa AR
TR E -

ERATIBE TS, PEAIER C 2 2 R I F R S B DR Ik E s fals R &, RIERRFEERE
KRR IR . BRI ER C 1E R —FhERAR B VR B /N BRI b &8, FOMIE W LT 58 4 i 'S/
BRygid v, HASZAER . Mal. MIRNESFEE T3], Fik, BELRIE C /K PIm BB T B
SRR AR, ThREVE'E AL R 2, B /NERIE I DhRE M TR, K A 1 g 2 R R T 5
Li 25 50 tHAIE S 2R R 2 C /K S i B 3 R A St B A5 DA R Bt U 3 ) ' T RE R e B A [ 14]
Zhang S5 N RIEINER C AMURAMCER G NEHR I TESR, B0 [ NG R S (3R bR, REAT BE R 2k 1k
BT 9 2 W B RERT A P 1) 5 P S e AR A R C BEER, R R A fer e o B 2 I B NV R
e AR e, [RIRE BT E i M LR 15].

R B A AL T o AR A R R SRR, P REM AR A& . &
Iig g . BEAWTER B, 09T AT EE B AR FIRAR RS TR A T B TR e A R AR T )
SLRFR[16][17]. EZ RKIEERER T, M35 QRO E TR, 250N N EZAYE, [KEEA
IHE A2 B bR o 0 R GAME T 5 1 B 23 B 3R 4 1) SR ARG 43, KA LISR — B A A2 Tl AN R (1 3 22
RIZE[18] [19]o AT HA—TURTHE MR FU RN, SR 4% NI B VA ) I 2 8 45 B 6 AT 485 e oK O L it 1)
W7, REA BURR RN 2 R R S DRI (2010 X AT RE A R W 1 B KPR
HABLFREFRBANFE A G A/, 702 8 B A Re S Al 4 2 520 A B AT AR 2Rt . ()
IR AT, BRI 4 B SOREIRES SOBCR AR B IR 1 B fr, 0 /N A R) s A 400 35 80N, A
THEMMIEE21]. AWV R RIS B & H 2 NDMM 38 B DRt 4 T & iR R 2R

WEAE K& SCHRIRIE TR 7R, M35 I 5 6 2 S 802 R B B R i B P 1 R 2R 2 22] [23]. MM &
B A 1A A 7 U AR B ) KT Tk A R 2 A, R v N R USCRE ), AT BOR
R R PRI, BTRL MM SRS R AR B A 1 XU T e 5 PR VR B A B R HEME /K T B A O
[24]. AWFTRI, WAEERIREBAEREES, KBS &L TR KE R R, HALH
VAR FEER. BT 2 ELLESEH CHR T RENEEESNS T, X R ES 2 R R
(LR 3 4 S HL 1S 5 IR B AR BRI AG O%. RE JR 2 BB 2 b R B R B I R R, (HE R T A
AR IR TR, AR TNk S B /NG ORI SE R PE . AT 55 72 B DL R A7 1)
WM& IhRE . W T IEREEIN S, JFRZPUHEAMES, TTReh TR S B A1 M
e R 47, UiE A B R R MO AP AE AR B . H RTER X NDMM 154534 Pk 52 R0 00 6 P Rl s S 5 B 473 ¢
A, R AT FOR AT A 5 AL G TR bR AT LA, B 4G E B o R R (ISS) M & TS i &4 S2-MG.
DeLong fr30 25 R IR, ZBCE AL i R pe 2 E R T 1SS M R 40(Z = 3.813, P < 0.001) & f2-MG (Z
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=3.547, P < 0.001), $&RHLEX T IhREWE 515 07 A E S AR 1. X P2 5T e S5 AN TR bR
FIT IR WL A= P55 N R O o 1SS 43 H1 2R Gt 32 2 T VP AG 22 i R 1 P ey S AT, oo v
HARERTE DhRe A T, BRI AE PP E D Re R B TIAFAE— € KR . f2-MG B AT S B is 7 4 2
B IRRIRAS, (HILAKP R 52 g 206 S B /N BRI ThRE XU e, e SR EARGS AR . L2, At
F B G AR A SRR C, 25l RS T8 OREIRAS KB /N ERUET ThRE,  Ref8 5 E AT
g Shaeti i v, BRI B AT B o (EAE Ry — T, [RIBIHEBAFIRE 7, FRATT IR
AEAARNAR, RRFEEZ RO GBI AAESR T, PLRGINSMTIUEAG], DUk — P uF SR gL
A TS ) m] S

gELpTiR, MiEAEASRINER C MBS EAETIN NDMM £ 5 D) pei % 77 T B &0 T3 —48
br, WRIELBFRBER AR, LK SRR P<0.73 (RIEBE LA L. 0123 x HEH —0.827
x JEANE C < 4.882)IF, $E7m B AELEM i BN P B 0 40 KU o 38 48 T I R = AR B A O s e N
NI SR BRI LA Al 1 ) 5 B T it a2 1 34 A R 60 A L e o L35 9 25 2 % 47 4T 114
BRI 254, DRSEHERER T & B ARG R B A 7 REUR L5 AT CD38 HrifEdiiA. [FIItHrT LA
ISR b PPy S R I 10 2 e v AR R LR T » S8 AL P T T DRI 7 AR A ) 805 1 2
B (EASTTIE B NE R R AR 4L, SR s B IR RBIZE, IIfT1531 5 2 AR 73R
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