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XK ia
ZRUCEEE, WEEFREY, BEFRI(CONUT)IVS, BEEMTFL4RBE, W5

Effects of Control Nutritional Status and
Prognostic Nutritional Index on Prognosis
in Patients with Multiple Myeloma Treated
by Autologous Hematopoietic Stem Cell
Transplantation

CHERERE

XES| A TEM, SKIE, EM, BERE, DkE. S0 IR MU S SR ST B R i T A A AR T
2 RNV BBEE R TS RIS [). IR BE 253k, 2026, 16(2): 373-383. DOI: 10.12677/acm.2026.162403


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.162403
https://doi.org/10.12677/acm.2026.162403
https://www.hanspub.org/

pat:

M

%

Hongwei Jia, Yuan Zhang, Jiayang Li, Junxia Huang, Xianqi Feng"

Department of Hematology, The Affiliated Hospital of Qingdao University, Qingdao Shandong

Received: December 27, 2025; accepted: January 21, 2026; published: January 30, 2026

Abstract

Objective: To investigate the predictive value of the control nutritional status (CONUT) and prognostic
nutritional index (PNI) for prognosis in patients with multiple myeloma treated by autologous hema-
topoietic stem cell transplantation. Methods: This study is a retrospective analysis of the clinical data
of 98 patients diagnosed with Multiple Myeloma (MM) who underwent Autologous Stem Cell Trans-
plantation (ASCT) at the Affiliated Hospital of Qingdao University between January 2017 and December
2023. The collected clinical data included general patient characteristics, laboratory indices, and dis-
ease staging. The optimal cutoff values for both CONUT and PNI were determined using Receiver Oper-
ating Characteristic (ROC) curve analysis to stratify patients into different groups. The clinical features
and early efficacy were compared between these groups. Overall Survival (0S) curves were plotted us-
ing the Kaplan-Meier method. Both univariate and multivariate Cox regression analyses were per-
formed to identify the factors influencing OS. Results: The optimal cutoff values for CONUT and PNI
were determined to be 2.5 and 41.46, respectively. Statistically significant differences were noted be-
tween the CONUT-defined groups regarding peripheral blood lymphocyte count at initial diagnosis (P
< 0.05). Furthermore, significant differences were observed between the PNI-defined groups for serum
calcium levels at both initial diagnosis and pre-conditioning (P < 0.05). Efficacy analysis across groups
revealed that the complete remission (CR) and very good partial response (VGPR) rates at 3 months
post-transplantation were significantly lower in the high CONUT group compared to the low CONUT
group (P < 0.05). Conversely, the low PNI group showed a significantly lower VGPR rate at 3 months
post-transplantation than the high PNI group (P < 0.05). Kaplan-Meier survival analysis demonstrated
that the low CONUT group had superior Overall Survival (0S) (median OS: 21 vs. 20 months, P < 0.001)
and Progression-Free Survival (PFS) (median PFS: 18 vs. 15 months, P = 0.016) compared to the high
CONUT group. The low PNI group exhibited a significantly shorter OS compared to the high PNI group
(median OS: 18 vs. 21 months, P < 0.01). Cox regression analysis identified high CONUT score as inde-
pendent risk factors for OS in ASCT-treated MM patients (P < 0.05). Conclusion: The CONUT score and
PNI have certain application value in assessing the prognosis of multiple myeloma patients undergoing
autologous stem cell transplantation. Compared with PNI, the CONUT score has greater value in pre-
dicting the prognosis of patients.
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AR, MM EE AR SRR, EENAFRITT, ZABUAREHESIBITEFH BAET4
W R A (ASCT) 2 7 B B M 25 AF B 16 T IR [2]. H TS MM SR 15U A5 32 B0 [ bRy ) R 45
ISS FMEIT i 1SS (R-ISS)%6Tii/i5 & %t, HIBEAENISR N A E . B2 THERER F A0S 2% DLVEAS i
HRARAEAEE . S fa B TS 42 [3]. XTSRS SIRIT R, AT ASCT 89T I B ik
ME, HMAEXERRAR AT AEIR T TS, 408 00 AR VbR R i TN 8 AR A7 TS, R0
SEMARAGIRIT T %, R BGE R MM B35 TS (1 8k . BF 7 R I, 2 008 7856 br 2 1) 8 72 IR (CONUT)
PO RIS B SR AR B (PN TE 2 Vi 88 S AR A o — E TN EL[4] [5]. #RTM H AT 8 bR 2EAT
ASCT 187 I MM 82 it e8> B RS —, A7 id sl BB wE 7T 2 B H i CONUT 1 PNI 5 4%
Z ASCT ) MM BB TG B HLIIOC R, 0T FEX 10 7 B3 TS BN E,  PABIDN AR 58 VPG R4t
REESH MG % .

2. MRFEE
2.1. fmBilEER

[ 73 A 2017 4F 1 H 2 2024 4F 12 A5 & K50 I8 B Be g RS kAT B 4403 140 B fe Al
1) MM 5 98 19, 9 AARiE: O M 2022 1 b 88 LAEHIZWibsAE 2 A MM [6]. @ i %
BHHEXTER . @ BHEEAAFR R >3 H . HibaiE: © SRR FIEEER. @ BEEZEN
ST BRI EREEIRTT . ©® IR RGE . @ TERGIHTRTEME YN ES . © AW,
K REARRAC IR R, A BEMERE.

2.2. MEIBHR

W — M 22 EFEYET . AR A0S M AT A B E(BMISE . IRIREFIE: QIEWISHH i
AP FCIFEN 22 2E (FISHY R SE 5 1SS 731 V97 7 %6 AEAZRTA]. B IR TAC S AT 1 J& N Y sE 56
G REFEMLE . g2 MEkER. AEAKE. LDH. WIERSETE R K85 LR ARk
Al 7R IL(CONUT) IF/> RIFSAE AT PNI: CONUT 1143 i 5B L35 (1 3R 1 /KT 40 i bk E 4 3508 s
PHEE AT EAH, © mMiSAEE >359/L 11045, 30~34g/L it 24, 25~29 g/L il 4 4r, <25¢g/L it
675 @ WEMITE > 1.6 x 10%L i+ 0 %3, 1.2 x 109L~1.6 x 10%L i+ 1 4>, 0.8 x 10%L~1.1 x 10%L i} 2
75, <0.8 x 10%L 11 3 4r; ® SAAMREEE > 180 mg/dL it 0 43, 140~179 mg/dL it 1 4, 100~139 mg/dL it 2
Iy IR 3 AMERR BRI ELE 5 PNI= AME ML A B A(Q/L) + [5 % A& sk 4 -4 (x10%/0)]

23. BITAR

98 il i M AT R AT JE ARG ML T AR, Horh 7 g R AT 2 YOk I T 40 A RS A . 98 1]
F 152 R S F8 e P 2 bR EAL 0 AL T 5 26, VAT /0 A A JE I o 32 TR T 2 1 WA 100 1) ) (A 785 K
FARGEK . PR R A A RN (ORI R . RIS L. D ERY), [FIRT At ZE Kb DR, fEit
Fefit EERA (17 B EARER A (81 ) CD38 Hhvw B HUARIA T
2.4. TRV

KH IMWG 2016 i, BIE7ESZEM(CR). B TR0 ZM(VGPR). #422 MR (PR). Ffase
(SD) A7 i3k J£ (PD) .
2.5. BEW

SR B B I 2 G AN e 1k ) s AT BB V5 » B DT ALE IR TR) D 2025 £E 6 T, FAZBE DTN TR DN 20 A .
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Tot FE AL AR I [R) (PFS) € SO M40 [l i 2 H S 22 jE B i Rk . RERE . SE T slBE Ui AL i A A
A AF I ) (OS) R Syt i 248 i [l iy . A 2 A ] Ji DT 512 1 6 3 B 1 sl 4 L T )

26. GIHFESH

KH SPSS 26.0 AT G IH A L . SR 2 TARRHIE(ROC) i ZkAfi ¢ CONUT A1 PNI 1)
AERWHE . ES AR REOR IS + S EROR, AR TEECRA tA 5 WS /A6 T Bk DL
REB(P25, P75)FK 7, 4LIAIELECR A Mann-Whitney U ka5 HHE0Z0R LRI AR n (%), 4L ELECR 72
Kyt 5% Fisher A V)AG IR PEA5 4 17) 22 53 . F] Kaplan-Meier 22142 77 B £8, 4114217 R EL SR log-rank
P SRR K2 E Cox L XU [BNAB R /M Fil s e [ 32 . P < 0.05 NZERA Guit = L.

3. &R
3.1. BEE&EN

ARSI 98 Bl v, Bk 44 151(44.9%), ot 54 1(55.1%); B FH R AE N F 47 494 58 (53,
62)%, >65 % (1) 13 1(13.2%). EBR7H(1SS) 7 3 | 1 25 1](25.5%), 111 36 11(36.7%), I 37 4
(37.8%). 98 il & AA A FISH 27 ], fE4T FISH & llf¥) 71 4 & v, FISH il BIE 18 51, 1GH Ak
5 CKS1B F: A 1 R e a1, N 43.7% (31/71), RB-1/LAMP1 JE K] 62k . P53/CEP17 3 [K it 2% . CDKN2C
FEDR R A6 H 00 51l 36.6% (26/71) 7.0% (5/71)« 9.9% (7/71). M KA. 19G % 55 £1(56.1%), 1gA
71 16 11(16.3%), IgD %4 4 {51(4.1%), IgM B 1 5(1.0%), H4ERL 19 $1(19.3%), A7 3 £1(3.1%).

3.2. N[E] CONUT #A PNI 434R 2B 1YIE R 4SFE

RIELI BT RGT R, CONUT (i tEaibi{E N 2.5, ROC #h4k Fifif N 0.746 (P < 0.001), MUKE A
92.0%, 5% N 57.5% (95% CI: 0.648~0.844); PNI {1 fE#IKi{H A 41.46, ROC £k N1HF M 0.646 (P
< 0.05), HBUKEEHN 84.9%, KiREE AN 40.0% (95% Cl: 0.523~0.770) (WLl 1). H#E CONUT Al PNI f#)fxtE:
BUBE, KB NiE CONUT 41(CONUT > 2.5) 54 7 Ik CONUT Z1(CONUT < 2.5) 44 f7l; 5 PNI 41
(PNI > 41.46) 77 I A PNI 41(PNI < 41.46) 21 f1,
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Figure 1. ROC curves of CONUT (A) and PNI (B)
[ 1. CONUT (A)5 PNI (B)#J ROC %k
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HAE CONUT A1 PNI 40 483 IR PRFFAEEAT UL, 25 R 27, 5K CONUT 4EE LI, &
CONUT 4l FHTEWHZHR i ECE R, ZRE S FR (P < 0.05). & PNI 4LEFH V2 I MLiEE
BTKCPE AR, TR AT S & 1K
FRRBHIE SR LI P > 0.05, BT R EGIEGE D, aTRe AR /D S8R . BRP AR FE,
ISS 4 {45 J7 T 22 e L4 vk = (P > 0.05) (L% 1. % 2).

Table 1. Clinical characteristics of patients with different CONUT scores
Fz 1. A[E] CONUT 45 B & MG REFIE

ERBHE SR . BN, ARIE PNI 434 P53/CEPL7

I PRAFAE Low-CONUT (n = 44) High-CONUT (n = 54) 21 P
(%) 58 (53.5, 61) 57.5 (53, 62) -0.401 0.689
FEN (%)] 22 (50.0) 22 (40.7) 0.840 0.417
ISS-111 [n (%)] 17 (38.6) 20 (37.0) 0.026 >0.999
I Dara [n (%)] 11 (25.0) 6 (11.1) 3.262 0.107

FISH
RB-1/LAMP1 i A&# 10 (31.3) 16 (41.0) 0.724 0.463
CKS1B ¥ #* 12 (37.5) 19 (48.7) 0.899 0.471
IGH = H 12 (37.5) 19 (48.7) 0.899 0.471
P53/CEP17 {ks* 3(9.4) 2(5.1) 0.482 0.652
CDKN2C #h2k* 2 (6.3) 5(12.8) 0.887 0.446
NN
BB 5 40 P (%) 25.50 (10.50, 47.25) 24.00 (12.25, 36.00) -0.360 0.719
RS 4H AR(x10%L) 2.06 (1.41, 2.62) 1.62 (1.07, 2.68) -2.347 0.019
Ca2* (mmol/L) 2.22 (2.06, 2.38) 2.25 (2.10, 2.50) —0.708 0.479
S2-MG (mg/L) 3.93 (2.49, 7.45) 4.20 (2.50, 5.99) -0.019 0.985
TRALFE Rl

BMI (kg/m2) 25.70 + 351 25.32 +3.06 0.565 0.574
S2-MG (mg/L) 1.71 (1.34, 2.19) 1.64 (1.48, 2.20) —0.302 0.762
Ca2* (mmol/L) 2.21 (2.15, 2.31) 2.19 (2.11, 2.16) ~1.439 0.150
LDH (U/L) 183.00 (168.60, 213.90)  180.50 (159.00, 208.00) —0.668 0.504
CREA (umol/L) 75.20 (64.50, 93.60) 73.00 (58.00, 93.90) -0.536 0.592

o BB, Dara: AT ZICEPL; Ca: H5; f2-MG: 2-fUEREH; BMI: {REFE%, LDH: JLEZM S,

CREA: LK.

Table 2. Clinical characteristics of patients with different PNI scores

%% 2. N[E PNI TS B E I R4FE

I PRAREAE Low-PNI (n = 21) High-PNI (n = 77) t/Z1y? P
(D) 57 (53, 61) 58 (53, 62) -0.134 0.893
B (%)] 11 (52.4) 33 (42.9) 0.605 0.467
ISS-111 [n (%)] 6 (28.6) 31 (40.3) 0.959 0.448
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I FH Dara [n (%)] 3(14.3) 14 (18.2) 0.181 0.670
FISH
RB-1/LAMP1 #r4# 8 (61.5) 18 (31.0) 4.109 0.056
CKS1B ¥ #4* 9 (69.2) 22 (37.9) 4.230 0.062
IGH HHF* 6 (46.2) 25 (43.1) 0.040 >0.999
P53/CEP17 Hh4k* 3(23.1) 2(3.4) 4.727 0.040
CDKN2C f4# 1(7.7) 6 (10.3) 0.089 >0.999
HIZ I
BB 5 40 P (%) 28.50 (11.75, 45.50) 24.00 (11.50, 38.00) —0.219 0.872
RELZH A (x10%L) 1.58 (1.33, 2.31) 1.84 (1.23, 2.34) —0.044 0.965
Ca2* (mmol/L) 2.30 (2.14, 2.68) 2.22 (2.04, 2.38) -1.988 0.047
/2-MG (mg/L) 3.91 (2.40~5.02) 4.26 (2.54~7.63) -1.153 0.249
Ak FE R
BMI (kg/m?) 26.73 (25.40, 28.34) 25.00 (23.05, 27.73) —1.883 0.060
/2-MG (mg/L) 1.63 (1.48, 2.05) 1.68 (1.39, 2.22) —0.030 0.976
Ca2* (mmol/L) 2.13 (2.06, 2.20) 2.22 (2.15, 2.28) —2.694 0.007
LDH (U/L) 183.00 (165.00, 219.00) 183.00 (166.00, 210.40) —0.065 0.948
CREA (umol/L) 62.00 (53.00, 93.90) 74.90 (64.50, 93.30) —1.385 0.166
e HERAEUL; Dara: IAHFZICHP; Ca: 455 f2-MG: f-EREA; BMI: fREIR%; LDH: JLERMNGZUEE;
CREA: JLEf.
3.3. FTHsTHT

JLA5 57 11(58.1%) & AE AR ATIA ] CR, 32 #1(32.7%) & AE M ATIA 3 VGPR, H:4% 6 141)(6.1%) A
3 111(3.1%) B H B M AT BVPAL 43 5l v PR PD. #8648 5 3 A~ A 3 58 #i](59.2%) 414 £ CR, 33 11(33.7%)
HEILE| VGPR, 754 4 51(4.1%) K 3 111(3.1%) £ 597 %0 454 PR, PD. #AH AT CONUT HE#H 5
ik CONUT &7 40 s > VGPR & L2 5ik 93.2%. 88.9%, = PNI 4L # 51K PNI 41 &7 50F
fli >VGPR /43518 81.0%. 93.5%, % F¥u4uit2# & X (P>0.05). = CONUT HHh )5 3 /N HI7 4k
P > VGPR i3 & R Z K T CONUT 4H(100.0% vs 87.0%, P = 0.016), 1% PNI ZH# 45 3 N HITRL
A >VGPR 3 by BB 2K T 5 PNI 41(96.1% vs 81.0%, P = 0.036), # 714 2 4tit2: 5 X (P <0.05).
Ik CONUT HAERHE 5 341 HI7 ROPFAhiI& CR o B bt 42 2 = 15 CONUT £H(75.0% vs 46.3%, P = 0.007),
i PNI 3 A x #6853 AN H 7 20 A I8 CR B X MU AR B2 (P = 0.317) (L4 3).

Table 3. Evaluation of therapeutic efficacy before and after transplantation in CONUT and PNI groups
% 3. CONUT 5 PNI SY BB A1 /R 1T 50T 4

97 Rl CONUT PNI
Low (n=44) High (n=54) P Low (n=21) High(n=77) P
FAEFT > VGPR [n (%)] 41 (93.2) 48 (88.9) 0.509 17 (81.0) 72(935)  0.095
¥HE)E 34 A CR [n (%)] 33 (75.0) 25 (46.3) 0.007 10 (47.6) 48 (62.3)  0.317
)5 3 /M >VGPR [n (%)] 44 (100.0) 47 (87.0) 0.016 17 (81.0) 74(96.1)  0.036
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3.4. £EFSHT

AW T b AL BE DT IR 1] 2 20 (12, 46) N H » R BE DTN E], JEFET 26 491, 7735 71 491, SR H Kaplan-
Meier 4= 47 #h £k & log-rank #9674 CONUT 1 PNI 5§47 ASCT 597 MM & Tl 1semd, 45 R EoR, K
CONUT 41 OS F1 PFS ¥ AR T & CONUT 4 (47 0S: 21 4~ H vs 20 ™~ H, P <0.001; H{i. PFS:
18 NH vs 154 H, P =10.016) (L 2(A). & 2(B)). 1k PNI 2 OS % PNI 2L B 4655 (F {2 0S: 18
MH vs 21 MH, P <0.01), & PNI A5 PNI 4111 PFS &R t4tih2% = (P = 0.053) (JLF 2(C). Kl

2(D).
CONUT LOW-CONUT == HIGH-CONUT CONUT LOW-CONUT == HIGH-CONUT
100% 100%
g
z
g 3
2 5% 8 75%
3 §
4 S
[ H
H 50% 3 5%
s @
5 14
é o
3 c
g 25% § 25%
© o
p =0.00023 ;3_’ p=0.016
0% 0%
[ 12 24 EJ 48 60 72 84 [ 12 24 EJ 48 60 72 84
Time (Months) Time (Months)
Patients at risk Patients at risk
44 33 21 12 6 2 0 0 44 30 17 10 4 2 0 0
== 54 39 26 20 14 6 3 0 = 54 28 22 15 9 4 3 0
PNI LOW-PNI == HIGH-PNI PNI LOW-PNI == HIGH-PNI
100% 100%
g
- z
= 5
> 5% & 5%
£ °
8 o
2 2
a £ o
3 50% 3 5%
g 8
2 T
S 5% S 5%
@
s
p =0.0079 g p=0.053
o
0% 0%
[} 12 24 36 48 60 72 84 [ 12 24 36 48 60 72 84
Time (Months) Time (Months)
Patients at risk Patients at risk
21 14 9 6 4 1 0 0 21 12 9 4 2 0 0 0
=17 58 38 26 16 7 3 0 e 46 30 21 11 6 3 0

Figure 2. Survival curves of OS (A) and PFS (B) stratified by different CONUT groups; Survival curves of OS (C) and PFS
(D) stratified by different PNI groups

2. "[&] CONUT 434H OS (A)5 PFS (B)4 7HA%k; AS[E] PNI 434H OS (C)5 PFS (D)4 fFrh%k

3.5. Mgt

KH Cox BRI [FH 73 & Fabn 5 B E AT KR, 48R 2R, KPNIL & CONUT. HliZk &
IMiE Ca?* ¥R Z . 1SS 733 111 . RB-1/LAMPL #t2%. CKS1B § 352 M MM 3% OS IR 2 (P <
0.05). HHHEZESH AR L LEPAN Cox ZHREEIHASHT, FRER, BF S CONUT Z#m H &
i MM E3E OS By fa S R 2 (P < 0.05) (W% 4).
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Table 4. Univariate and multivariate analysis of factors affecting OS in MM patients undergoing ASCT
F* 4. MIT ASCT 897 MM B& OS B ERERZERH

ESEN R ZHEEST
HR (95% CI) P HR (95% ClI) P
Bk 1.233 (0.560~2.714) 0.602
FE#S > 60 BN 0.697 (0.278~1.749) 0.442
HRER A > 10% 1.737 (0.589~5.120) 0.317
Ca?* > 2.65 mmol/L 2.784 (1.102~7.034) 0.030 2.409 (0.686~8.458) 0.170
1SS 43 3-11 2.467 (1.120~5.437) 0.025 1.405 (0.495~3.988) 0.523
FISH
RB-1/LAMP1 &k 2# 2.541 (1.049~6.156) 0.039 1.985 (0.796~4.953) 0.142
CKS1B ¥ #4* 2.756 (1.082~7.019) 0.034 1.306 (0.435~3.919) 0.634
IGH = H 0.653 (0.260~1.639) 0.365
P53/CEP17 {2t 3.132 (0.909~10.797) 0.071
CDKN2C #k2# 1.335 (0.305~5.834) 0.701
LS Ni)
% CONUT 9.321 (2.194~39.602) 0.002 6.937 (1.545~31.152) 0.011
& PNI 2.863 (1.271~6.450) 0.011 2.240 (0.740~6.778) 0.154
p2-MG > 5.5 mg/L 1.169 (0.151~9.041) 0.881
LDH > 250 U/L 2.221 (0.655~7.529) 0.200
JTROEME <CR 1.863 (0.775~4.478) 0.164
FKIEFH Dara 1.337 (0.647~2.763) 0.434
e HERA R

4. ¥1ig

2 R M BRI AR AN R A R R R G, A R 1%~1.8%, 24 5 IV R G0 1 e
I 10% [7]. StEGuyT FBAHLL, ASCT BEEZ5 T 42 MR e A K B AR A7 A, 72 TR 25 )
KT, RSB RE RGBT T R[8]. MR KM, 1EAMB MR EEARI S, BEH
B G928 5575 FRAR I ATV Sy ) W 20 P e T3 ) BB S (R R [9]. % T 4252 ASCT I &, Bl iE
o R AR R A R D R B R A AR G i, AR, MR A IRE IR R S 28
Yo DRSS, i MK S JRGE AN 4 B S AE HN[10]-[12]. PRIk, FEAE T (0 400 & F7 R 0AR 7T B S0 S 38 R
57 TR R S e RS, 33 T 5 M B A R 2 1 AR A TS
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