Advances in Clinical Medicine IiJREE243 /8, 2022, 12(9), 8256-8265 Hans )0
Published Online September 2022 in Hans. http://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2022.1291190

JLEMEZFEMEYIFRAR RV E TN E =

¥ 4, KR OB, Kk HAES
HERERER, 1R B

ks HB: 202248 A7H; FHHEM: 20224F8 H29H; KA HM: 20224F9H9H

H E

H . ¥RFTAR B Mk 40 -5 % BB 40 fia i) HU 4B (neutrophil to lymphocyte ratio, NLR)F! L C R M & A
(c-reactive protein, CRP)-5 & [ (albumin, ALB)f¥] ttf& (CRP/ALB ratio, CAR) Xt )L 2 14 2 f-40 f 8 1)
BRASE TS KT E . T A ZEE TAERHME(ROC) B R A T7 2 83 B CAR S NLRA) B AT
. FEEHEDSAN=H: IENLRS/KCARY E X NNLR-CAR 0, FHNLR5H CARYE S ANLR-CAR 2, &
NLR 5 HCARER#H ENLR 5K CARSE X _INLR-CAR 1. Kaplan-Meier 5 M1 Log-rank 5 ¥ F T AEE 3T
KA BT ESZZECox WEI X EERFHENBEE TG MM ILEE. £R: RIEROCHL, NLRIER
EEERTE N2.49, CARIBEENT{E50.035. Kaplan-Meier 5 &R, BNLR (>2.49). & CAR (>0.035)
PAKNLR-CAR 2 R A B EK BARETZH (P < 0.01). BEEREZEHERCoxE AT ER, FiR(>181MH).
INSSZ 8 (11I-1V) BA ZZNLR-CAR 2 (FNLRFIH CAR)RNB &% s KIS KB A E (P < 0.05). 4id:
NLR-CAR 2 (B NLRFIE CAR) ENB & LT G A MHE K YRS .
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Abstract

OBJECTIVE: To investigate the predictive value of preoperative neutrophil-to-lymphocyte ratio
(NLR) and serum C-reactive protein to albumin ratio (CAR) on the prognosis after resection of neu-
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roblastoma in children. METHODS: Subject operating characteristic (ROC) curves were used to de-
termine the optimal cut-off values for the continuous variable CAR versus NLR. And patients were
divided into three groups: low NLR with low CAR was defined as NLR-CAR 0, high NLR with high CAR
was defined as NLR-CAR 2, and low NLR with high CAR or high NLR with low CAR was defined as
NLR-CAR 1. Kaplan-Meier method and Log-rank method were used for survival analysis. Univariate
versus multivariate Cox proportional risk regression was used to determine independent factors of
prognosis in NB patients. RESULTS: According to the ROC curve, the optimal cut-off value for NLR
was 2.49 and for CAR was 0.035. Kaplan-Meier method showed that high NLR (>2.49), high CAR
(>0.035) and NLR-CAR 2 had poorer overall survival (P < 0.01). Univariate and multifactorial Cox
regression analysis showed that age (>18 months), INSS stage (I1I-1V), and NLR-CAR 2 (high NLR and
high CAR) were independent risk factors for the prognosis of NB patients (P < 0.05). CONCLUSION:
NLR-CAR 2 (high NLR and high CAR) is a valuable biomarker for the prognosis of children with NB.
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1. 5|15

12 BEH i J% (Neuroblastoma, NB) 2 —Fft B A< 7314 4 £ REAH A 0 P 38 5 5 | 1 ) L 28 ) 340 B s DL —
FhEANSZAARIRE, 20 LR ) 6%~10%, FET-F 2] 15% [1]. NBFERE, K& &) LESH it
JE N, T 50% M B ERUSE O & MBS B b g R, BRTERE. REHIC
BT R I — L8 % B o AW b I g 44 17/17g. PHOX2B J¢ AEG-1 635 )L NB [#7il
JEREDR[2] [3] [4], (ARSI FREE A A& & 5%, XTSIl PR U5 I E A 2 SR W

HHT, BRRbE 2 T 50 3 B SORE 7R IR i R AR R e i B 7 B PE R [S) [6]. AW FLHRIE, 75X
i) NB HY, SOEREMS RSN YLt fhk 11q B, RECRRITUS[7], £ MYCN JEY 1 NB 1, &
ORI BRI B A RIS AHOC[8]. 76 NB /N AL, HTAR 25 RERE A0 I R i A= K [9] . Ix St
RERHRIES S T NB K T 90 G I Fi bs v] LATIN A [5] 88 1) 715 [10] [11] [12] [13] [14].
rh k4 5 9k B 40 A F) B A7 (neutrophil to lymphocyte ratio, NLR), 2 H2 45 4> i 4 i 1% ity b o kg s 5
WRELA BT H M A LR AT SR, CCRE N 2 B R A S AR B [15] [16] [17]. C R H
(c-reactive protein, CRP) & FFE7E 4 & R IEIRA F =R A, 1 A H (albumin, ALB)— B #0145
({18 77 IRA5 4648, CAR (CRP/ALB ratio, CAR)F 2 C N 2 15 i 14 2 I F LA, DRIk CAR A LAHERf
SR AR ) S0 S FRARAS[18], PIAE A & B [19] BRARIE[17] B 8 [20] A A [21]) 5 1ls i e b R 3%

SR, H RTIEE A HIERA NLR il CAR FilllJLE NB SR fEAR L H, AR H
()8 7E 45 B AR FT SERR &Y NLR Al CAR #R 70X L NB B Tl 18

2. EREHE
2.1 —iRFR

ASHEFE [ B 7 A A 2010 4R 1 H 2 2020 4F 12 H 75 8 K AR B2 BEA MR 8 LRI PR Bkt 31X
I (e PRI TEAS R T R MR R B A TR R At IR R R B F AT A LR
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TG FEEA. 2w RIS A B IR R U5 7 A NB &R LEE TRV . NB R LBE U AL [A]
32 M H o BAAFHH(OS) & XN MNF AR BIFE T e fi — IR B U7 I R] o W8 NB B3 11 PRARFAE B8 450
PERIL INSS 2331 BRI RN A)7 AR RUR BB . 2 W7 IR RS KT 18 B 5 NB LKA R
TG A, P BRATZ (R <18 NMHRER > 18 AN )T/ 41[22]. $1% INSS 2 iR AEK: ) L#E NB
PR3 A 1-1V 31, e -1v ok R A 23].

2.2. IAFIHERRIRE

AHFFIMNIRAE: 1) EFREHEZSHOE IR 2) T/ TEET 14 25, 3) B2
AIRTT IR BURL EH . AT RHERRERE: 1) fhA S phle v R 50 FE i 8 A A7 10 2) BT
R R ER R TR AN S8 . RGN AR FRE, 3EA 61 44 NB LA .

2.3. SpEMARE

TE LT FARAT 1 A W HHT I . NB B8 L2E & 6 /N, JF7E 07:00 £ 07:30 2 [H]H L EDTA
BT RN, WA IMRREAS . NLR=4ME I A P 40 a1+ 5/ 40 E kg -8 CAR = C N F/HE
SR
24. GEAE

FTA #4820 M1 4% F) SPSS 26.0 (SPSS Company, Chicago, IL, USA)FT GraphPad Prism 9.0 (Graph-
Pad Software, CA, USA). #3218 # TAE451E (receiver operating characteristic, ROC)# 4%, it #h 4k i
#H (area under the curve, AUC) LAPFAL FRINFE FRIME, 15 H NLR 5 CAR Hys 8 W E, K7k
Fisher ¥ HfikG 46 L5 r 540 B . SR Kaplan-Meier J7 kG B A7 M2, R Log-rank #6:563E47 4= 47 Hh
K2RV T e NB &) LIMAL TS K 2, X HAEE Cox [HJH 40 #rH P < 0.05 A ST 248
& Cox [ElHM M. Guit o Hrss Uik, P <0.05 AZERAH G E L.

3. R

PPt NLR. CAR I FE: R4 ROC MiZk, KT NLR 5 CAR M HEAWTME 774 2.49 F10.035.
NLR /) ROC HiZk F AR 0.7364 (95% Cl ¥ 0.6576 %1 0.8349), CAR 4L T ifif72& 0.69 (95% ClI
4 0.5963 31 0.7837). 45 ROC HiZE i Ak {E, # NLR Al CAR 73 47E NLR 2H(>2.49) MK NLR 41
(<2.49), CAR 434 CAR £H(>0.035) 1k CAR 4H(<0.035). LA 1.

(2) ROC curve: ROC of NLR (b) ROC curve: ROC of CAR
100% 100%
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Figure 1. ROC curves of NLR and CAR in children with neuroblastoma
1.NB #JL NLR. CAR #J ROC Hi%k
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NB B LI PRI LRI LU : H 6119 NB 58 LAF& 26 A IR N T FAT T 5 o e v 55 14 33 441)(45.9%),
7 28 151(54.1%). NB & )LIFR A ECN 32 S H . M8 NLR 4341, 4. LDH. WBC. JHJg K/
HTINSS 43045 5535 (02 7:(P < 0.05); AR4lE CAR 234, b ALB. LDH. 8 /N AR (5 47 A
BEMZERP <0.05), AfAERZE 1.

Table 1. Comparison of clinical baseline information of children with NB according to NLR, CAR grouping

5% 1. R#E NLR. CAR Z4HHI NB 2B JLAYIGREZ& B RIEL IR

NLR CAR
Variables P value P value
High Low High Low
Sex
Female 10 (35.7%) 18 (64.3%) 16 (57.1%) 12 (42.9%)
0.958 0.973
Male 21 (63.3%) 12 (36.4%) 19 (57.6%) 14 (42.4%)
Age
<18 months 1 (4.0%) 24 (96.0%) 6 (24.0%) 19 (76.0%)
0.000 0.000
>18 months 21 (58.3%) 15 (41.7%) 29 (80.6%) 7 (19.4%)
ALB
>35g/L 20 (43.5%) 26 (56.5%) 29 (63.0%) 17 (37.0%)
0.035 0.117
<35¢g/L 2 (13.3%) 13 (86.7%) 6 (40.0%) 9 (60.0%)
LDH
<400 U/L 7 (17.9%) 32 (82.1%) 16 (41.0%) 23 (59.0%)
0.000 0.001
>400 U/L 15 (68.2%) 7 (31.8%) 19 (86.4%) 3 (13.6%)
WBC
<10 x 10%L 6 (15.8%) 32 (84.2%) 18 (47.4%) 20 (52.6%)
0.000 0.042
>10 x 10%/L 16 (69.6%) 7 (30.4%) 17 (73.9%) 6 (26.1%)
Tumor size
<5cm 1 (4.3%) 22 (95.7%) 5 (21.7%) 18 (78.3%)
0.000 0.000
>5cm 21 (55.3%) 17 (44.7%) 30 (78.9%) 8 (21.1%)
Site
Non-Adrenal 6 (33.3%) 12 (66.7%) 12 (66.7%) 6 (33.3%)
0.774 0.343
Adrenal 16 (37.2%) 27 (62.8%) 23 (53.5%) 20 (46.5%)
Chemotherapy
Yes 15 (34.1%) 29 (65.9%) 24 (54.5%) 20 (45.5%)
0.605 0.472
No 7 (41.2%) 10 (58.8%) 11 (64.7%) 6 (35.3%)
INSS Stage
I-11 3 (11.5%) 23 (88.5%) 9 (34.6%) 17 (65.4%)
0.001 0.002
1HI-1V 19 (54.3%) 16 (45.7%) 26 (74.3%) 9 (25.7%)

NLR 1 CAR 5 NB B )LE/AAER K% R Kaplan-Meier 47773 #1275, & NLR 411 OS /KF &
FAKTF NLR 1 (15 2(a), P <0.0001), & CAR 4 OS 7KF & EK T CAR (/& 2(b), P =0.0016).
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Figure 2. Relationship between NLR and CAR levels and prognosis

2.NLR 5 CAR KESTEHIX &

T T T T T
20 40 60 80 100

Time(months)

1
120

NLR-CAR 7345 NB B )LIfRIEEL F B2 RIS ME: 4 NLR 1 CAR /K ¥ N =4: & NLR
FIE CAR E XN NLR-CAR 2 41, /% NLR FI{ik CAR E Y.y NLR-CAR 0 41, & NLR FIik CAR Ei{k NLR
FIE CAR E XN NLR-CAR 1 4. 4 NLR-CAR 41, 4E#. ALB. LDH. Mg mIAR/ NIMsE A BA

BFEZER(P<0.05). FENE 2.

Table 2.Comparison of clinical baseline information of children with NB according to NLR-CAR grouping

& 2. #R4E NLR-CAR 7340 NB B )LAYIG R E L ZHRI LR

Variables NLR-CAR 0 NLR-CAR 1 NLR-CAR 2 P value
Sex

Female 11 (39.3%) 8 (28.6%) 9 (32.1%)

Male 14 (42.1%) 7 (21.1%) 12 (36.4%) 0799
Age

<18 months 19 (76.0%) 5 (20.0%) 1 (4.0%)

>18 months 6 (16.7%) 10 (27.8%) 20 (55.6%) 0000
ALB

<35 g/L 9 (60.0%) 4 (26.7%) 2 (13.3%)

>35 g/L 16 (34.8%) 11 (23.9%) 19 (41.3%) 0104
LDH

<400 U/L 22 (56.4%) 11 (28.2%) 6 (15.4%)

>400 U/L 3 (13.6%) 4 (18.2%) 15 (68.2%) 0000
WBC

<10 x 10°/L 20 (52.6%) 12 (31.6%) 6 (15.8%)

>10 x 10%/L 5 (21.7%) 3 (13.0%) 15 (65.2%) 0000
Tumor size

<5cm 18 (78.3%) 4 (17.4%) 1 (4.3%)

>5cm 7 (18.4%) 11 (28.9%) 20 (52.6%) 0000
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Continued
Site

Adrenal 6 (33.3%) 6 (33.3%) 6 (33.3%)

Non-Adrenal 19 (44.2%) 9 (20.9%) 15 (34.9%) 0.5%
Chemotherapy

Yes 19 (43.2%) 11 (25.0%) 14 (31.8%)

No 6 (35.3%) 4 (23.5%) 7 (41.2%) 0172
INSS Stage

I-11 17 (65.4%) 6 (23.1%) 3 (11.5%)

H-1v 8 (22.9%) 9 (25.7%) 18 (51.4%) o.001

NLR-CAR 5 S EEFRKIKR: Kaplan-Meier /70T ER, AT HABPLL, NLR-CAR 2 41
SR AEAE R (P < 0.0001). 14 3.

100% -

80%

60%

40%

Overall survival

20% -

0% .

NLR-CAR survival

— NLR-CAR 0
— NLR-CAR1
— NILR-CAR2
Log-rank p<0.0001
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Figure 3. Effect of NLR-CAR on overall survival
[ 3. NLR-CAR Xt B4 RS20

HAEMELAZE Cox BIBESH: BRI ER, Fi2(>18 41 H) (HR 4.614; 95% CI = 1.959~10.866;
P = 0.000). ALB > 35 g/L (HR 0.441; 95% CI = 0.228~0.855; P = 0.015). fLJ7(HR 0.422; 95% Cl =
0.233~0.764; P = 0.004). INSS 73 #I(HR 3.788; 95% CI = 1.941~7.392; P = 0.000)#1 NLR-CAR 2 (HR 6.122;
95% CI = 2.518~14.882; P = 0.000) 5 & A LA R B EM K. XA BN RN, F#>18 4 H (HR 3.593;
95% CI = 1.379~9.358; P = 0.009). INSS 43 #i(HR 3.854; 95% CI = 1.700~8.738; P = 0.001) L % NLR-CAR 2
(HR 3.237; 95% CI = 1.192~8.789; P = 0.021)/& NB &% M5 (BT I fE G R % (P < 0.05). L% 3.

Table 3. Univariate and multivariate Cox regression analysis of prognostic factors for OS in children with NB
F#3.NBEJLOS HEEREEEFMELTE Cox BIF5SH

Variables

Sex
Female

Male

Univariate Multivariate

HR (95% ClI) P value HR (95% Cl) P value

1.00 (reference)
1.393 (0.625~3.109)

0.418
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Continued
Age
<18 months 1.00 (reference) 1.00 (reference)
0.033 0.009
>18 months 2.726 (1.085~6.849) 3.593 (1.379~9.358)
ALB
<35¢g/L 1.00 (reference)
0.702
>35g/L 0.847 (0.362~1.984)
LDH
<400 U/L 1.00 (reference)
0.147
>400 U/L 1.542 (0.859~2.767)
WBC
<10 x 10%L 1.00 (reference)
0.303
>10 x 10%L 1.388 (0.744~2.592)
Tumor size
<S5cm 1.00 (reference)
0.054
>5cm 2.051 (0.987~4.263))
Site
Non-Adrenal 1.00 (reference)
0.056
Adrenal 2.311 (0.979~5.455)
Chemotherapy
No 1.00 (reference)
0.004
Yes 0.422 (0.233~0.764)
INSS Stage
I-11 1.00 (reference) 1.00 (reference)
0.005 0.001
1n-1v 3.680 (1.485~9.124) 3.854 (1.700~8.738)
NLR-CAR 0.000 0.001
NLR-CAR O 1.00 (reference) 1.00 (reference)
NLR-CAR 1 1.958 (0.754~5.087) 0.168 1.073 (0.370~3.108) 0.879
NLR-CAR 2 6.122 (2.518~14.882) 0.000 3.237 (1.192~8.789) 0.021
4. Wig

IR, ORI 22 AT FUR W AR R S5 A2 Ao 2 TR 2 088 (13 & b 3% S B (R 1 AR T [24] o e =5 0
{10 JAE s S8 T 3 A 200 LR TS5 A SERE AT A 2 4 I AL S5 A R TR B M T e s P g e
PRl AP 58+ ) SOAE AR L — EL O Rt Fe I SG B R 3R [8]. AT TUREL, 3 M E FRIRAS L Al
BETIITUA[25]. NLR A1 CAR W] DAEULH S LA ) SRS ATE TR, RIS, fhA 1R i b 5
Y, FEWGIR 75 53R A EAA 2 IR e B B AR bR 54 o

NLR 52— SOE A e RS AR S, 5 2 M MR I TUR MG [15] [16] [17]. (ERAEERRE, K2
B A NLR BB TR, (HEARKIILE AT AR, R gr AT B
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A= 5 R A DG I AR M DR -, I RE RN B T AR AVE T, AR R (1 kR [26] [27]. TEFRATIAAT
F, FATET ROC MIZEHIE NLR SR E ly 2.49, @4, i NLR 4 kb7 R 3%
fIK T NLR 4, 3X 5 2 Hi (R 58— 2[28] o =y NLR B R HH R4 R PR 38 22 308 5 A A GT (10 7k 2 4 i />
T H PR %) 384 N a3 1 e 1 LA A s D R I B e 4 940452 2 [ 291, Wbk EL 48 P P s 2 DU B s LA Sk
i 9Re G 28 e AN A2 [30], X AT BEAZ =1 NLR 211 NB LTS 2/ R [

C JX B2 [ (CRP) A& T A i i) 2 e B AR S M LS bR 54 . H AT, CRP SRS 5 22 Fh IR AR
R PG HHOR[31]. ILiE 8 E (ALB)Z —Fh e IR B E FRRAS M IS & E, (K ALB BT LASE I 2 Fh i
JRE )15 [32] [33]. CAR 1EA CRP 5 ALB IEUAE, 15 CAR )i i 1l f5 B 22[18] [34] [35] [36]. Chen
Zheng %5 )L XF 70 5] NB LT /047, i8I ROC i 2 e fe I 718 4 0.0959, 5 CAR TR
AEAFZE[37]. ARTAERAIF i, @id ROC fZkifiE | CAR HImAEIE FHE 7y 0.036, X 54 ATH &I
FUAARTE, FRATIA i B FE I SR Y 22 57 7T B8 BT REAR S AN 1R DA R A0 N BRI pR HEAS [F) 3 e o 7EAN )
(R, CAR [ IG S 22 57 55K [38], DMk, e AERf LI CAR (1 S AR I FHEE S FRA TR TT
B AER RS, Kaplan-Meier 1770 M %, 5 CAR 201 NB &) LI SR E AR R AR, X 5261 T
F—E[37].

RATHIWI LS, NLR-CAR 2 (% NLR Al CAR)H NB & LT 2, HEEMZEE Cox 14
M iE7s NLR 5 CAR 5 I ZH(NLR-CAR 2)& NB & LT BT f& 5 R 3% o A 98 5 70K NLR 55 CAR
XA M, NLR SR HUA R 2SRERAS, 1 CAR BT HUARE FRIRE, K Pia e o, EEIH
HANRIIIEFI[38]. TEL MG R, A B SORE [N R ) A8 3 137 11 8 1 Aok B 1 = R R [39], Xt
#&7R T NLR 5 CAR Z[AIMAHEMELR. B E 2, ¥ NLR 5 CAR BKEHT, MARIE. REMEHR=
AN T3 AT AT 1) 43 b, DRI AE T T v S 388 B 2 i 1 e

AR NI, AT FAFE— S R PRk . B2, IX TR 90 2 5 T AN B 7 A LA P /N AR [l st
SrHT, R AT R A T TE IR B R A o LR, BRATHIRE AL Z AN IOIE . FRATHIR AR RA RFEA . ZH0,
AT REPER B BRI TS — R W RATRT 7T (1 518

M2, NLR-CAR 2 (7 NLR £l CAR)A[1E Ny NB H LA ST [ TS fa 6 8 2%

&E 3k
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