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Abstract

Background: Neuroblastoma(NB) is the most common non-central nervous system solid tumor in
children, accounting for 8~10% of all childhood malignancies. We aim to explore prognostic factors
of NB in the children and construct a nomogram to predict cancer-specific survival (CSS) in children
less than 2 years old with NB. Methods: The clinicopathological information of children (<2 years
old) with NB from 2000 to 2018 was downloaded from the Surveillance, Epidemiology, and End
Results (SEER) database. All patients were randomly assigned to a training cohort (70%) or a
validation cohort (30%). Least absolute shrinkage and selection operator (LASSO) regression and
stepwise backward multivariate Cox regression analysis were used to screen the independent risk
factors of cancer-specific survival (CSS) in children (<2 years old) with NB. The selected risk factors
were used to construct a nomogram to predict the CSS at 1-, 3-, and 5 years in children (<2 years
old) with NB. The prediction accuracy and discriminant ability of nomogram are determined by
consistency index (C-index), the area under the receiver operating curve (AUC) and correction
curve. Decision curve analysis (DCA) and Kaplan-Meier estimator were used to verify the clinical
application effect of the predictive model. Results: The subjects included 631 children aged less than
2 years with NB. LASSO regression and stepwise backward multivariate Cox regression analysis
showed that age, tumor size, tumor stage and distant surgery were independent risk factors for CSS
in children (<2 years old) with NB. We constructed a nomogram to predict CSS in patients(<2 years
old) with NB. The C-index of the training cohort and validation cohort was 0.888 (95% CI: 0.849~0.927)
and 0.885 (95% CI: 0.818~0.952), respectively. The AUC of training queue and verification queue also
shows that the prediction model has good accuracy. The correction curve shows that the observed
value of the prediction model is highly consistent with the predicted value. DCA shows good clinical
application value. Conclusions: We found that age, tumor size, tumor stage, and distant surgery
were independent risk factors for patient with NB. We constructed a new nomogram to predict CSS
in children < 2 years old with NB.
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FHEE BEAH 998 (Neuroblastoma, NB)Z i T8 FR[1], & JLE 5 & WSk Mgz —, 450
2 W T A SR I 8%~10%, (5 JLEESIESET- M 15% [2] [3], KFEHN 1/7000~1/8000. 7EH 12
AN HCUF B L s WP IR, R 6 J L 1 I8 (0 6 s (R B 5 28 )L 37~58 AN) [4]. TR
g7 BARTAMRRAE . SRy ASOT A ) 2 A E0A YT H AT RLF 2697 NB A X077%(5]-[9]. NB
— PR I PR RN TS S S PR PR R s, Forh v S R TR B 2, B 5 SR AR AR (IR TR 23 50% [10]

HAT, 5002 BEYHMOIR B ILE 75%0) 5 SEAEAF3RAR L, AR 18 /AN H HIHP & BELT MOS8 S LI 5 EAA7
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FRT 85% [11][12]. 18 M H LLF B 1) NB 2 H R WHIR[13] [14]. EAIRE bR 2 BEAH e XU 73 20
53 ¥ &4t (International Neuroblastoma Risk Group 73 # & 4t, INRGSS)FE Bt 2 BESH e 73 B R St (Inter-
national Neuroblastoma 73 # & 4t, INSS)AI LLHKHiE NB < 18 N H B LR IT s EZ[15] [16], HEATE
AEFETZ 5 NB AR EZERF R, WM. 28, TR, BUrs.

I 2 TR A A R 5128 B (nomogram) E A —FhTRINAR AL, PRI LHERRPE . 2 MM A AT AL AL AR A
MR 2332 [17]-[19]0 FH T 3 H AR TP RE , 51128 Bl (nomogram) # 48 N\ (35 [ [F 5 45 & Ji i 9 25 45 79 )
[20]. LiX % ANJET TARGET $¥8 E4RkiE 7 — Wi 70, WF L 1 T 402 BEZH AR (NB) T Tl i)
Wi [21]. Liang SW S AN BAEE T 20 5 LRt &8 BEAH MR 28 2 e AR A7 R (19 51 28 €l (nomogram) [22].

BHRISE, JEIRATATEN, BRT INRGSS I INSS 4b, & A E XX —HFk NB B # (<2 &) ERE R
A FF(CSS) RIS R R AR o 1 INRGSS FT INSS ASBEH S AR AE . DAk, AT
FLETER I AT 98 27 B 28 45 B (SEER) s e v s WL HL &) T 3R B B I R B i 6 %%, P& NB
BF(<2 )% 2 El(nomogram). A& INRGSS F1 INSS 7 B4 Sk a2, RN T i
YHAEWE AL % T FARSE INRGSS 7 AR & S H R &R, RN A 14505 A BA A T D fe .
2R REAS HERR TN 52 £ 58 CSS FAHDCIRIZE, T B ety 35 B PR 2 A P 58 A0 e PRl B R 5

2. BERG*®
2.1. HIEEIFEMBEERER
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Figure 1. The process of data selection
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WERNTER B YT AT i & 45 Bt RI(SEER), ZitRIE % T K4 30%MEFE AL, 6518
AR IO AL o ASHEFTIEFE 2000 42 2018 A2 W # 48 BEAH LR (WHO 2008 4R 58 = 9.1.2) 1)1 IR 5
RMESEAE SR . TR R N DG HE B I PR S B BE U B0E 29 7T AL SEER B e by
FEIRHC. T SEER HUREREAN, 5ANETRIEE, Bk, ATHTHRe I § AR RSBET 716
FRALHE R T2 FATA SEER HHE B SR EIG PRAE 1IVEM -5 4 2006-nov 2021, FATHIW AL 777575 & SEER
B (A o

Y 2 & DUF NB B#F A N DGt 2245 BRI R 2B ) e R EE S (i
RN B IR ) VRIT (TR HRBETFR. BT 7). MVIERERIRSE. EF
WHE] S ZETS SRR GIAARUHELD T : (1) FHELZIKT N NB (WHO 2008 52 3: 9.1.2); (2) 4Ei#y <2 %5 (3) &
Wiy 2004~2018 4. HEBRFRME N: (1) AOGiHEEAA: ) WARRIEZEATE: (3) FEERA
SR (4) EAERTIE/NE VAN AR (5) AR MR . BE AR WA 1 ATR.

2.2. ARTE

AW I EAFELL N AR BT EIE T ZWHERR0~1 2, 1~2 %), HERI(B ML), FkE A,
BNFIHARGEPNED S 2 N FAE R, SN B I R)), M, SRy, Mossshn(ohmeg, &
fhet, IEIE)E, BN BAL, B EIR, HAh), R KN(1~39 mm, 40~79 mm, 80~119 mm, >120 mm) [23],
MRS AR, JRES, wAL), TARBA(EETAR(SEER #AERTD 0)), KRN /AR (SEER #AERTD
10~27), BN oAb A8 B ARG M T AR 5380 0 F AR UIBR(SEER #/EAR TS 30~60), BT RiGST
GET), MIBHLIED A Hy T . IV ), BHITERR).

2.3. LASSO RZEF R EZEIT Cox EVISHr

e, TR EERRENL S BCEIIZREA B (n = 443, 70%) B8 IEA S (n = 188, 30%). FTA RERUEE S
FRE S B TS AR R AR AN DT RIS AEH] LASSO [ 4 5 CSS B MIRH)
JERLA 3R o LB JE A1 2 76 Cox [RIHBRY, BE—25 701 LASSO [RIHE5 R, #i%E CSS ML a2 .

2.4. FIZ&ERIE

B 1% 37 £ EAK EE £ 70 Cox [BIARERY . JET LASSO fIMST fEfe [ R ML A Bk, WATR
T =¥ 8 28 Bl (nomogram) K TN NB & JL(<2 $)E 1 5. 3 S 5 SHIH) CSS. KRINIX LTI K
I DR 2 2 R8T PR T B %

2.5. 5L ERIEIE

FRATTAEFH — B F58(C-index) [24] A6 56 TN AR R LE I 25 BB RN IE B A1 o B e PR AN B 1% o K
HI 2000 /> B AR (R AR 14 24 A ARG B0 FHUIN S Fg ot 1 . FRATISE ) 32303 AR 26 T ) i AA(AUC) [25]
[26RATIRAZAEIYAE 1 45, 3 FFEH1 5 AE R TRIIKS

2.6. IIGRR A

R RHFI BT 1 LR (DCA) R I UE Z TR (R RV 700 U4, BATHRE RS 35 (0 91 48 B2 A e
AR A M 2o e n a8, K R o s fE AR fE 4l . SR Kaplan-Meier (K-M) i 28 b5 93 41 18] 1)
A ZE S
2.7. Gt

HESEIN B R S BN TT AT RA, IR SR AT RO AR I BAE 24 U K6 . T8l DU
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(%) NRAE, FHCBERH KRR fisher #EFIRELS . LASSO [RIHFNZ S W7 2 A8 & Cox [Al )AL 43
M 7T AEFMTE R . K Log-rank #5361 Kaplan-Meier (K-M) #1207 834 2 B MAEFE R . B 8
T % A SPSS 23.0 Al R Bt 4.2.1. p 1E<0.05 #iAAA Gt Lo

3. 5%
3.1. IGFRFE

IRIENHEBRIEH, LN 631 (<2 &) NB 38 . T BEWBENL D NNZBAFIN = 443)FI5IF
BAZI(N =188). BT BHKIFIHERL T 0.38+0.49 %, 5 330 A(52.2%), HA 502 A(79.5%). TEFTH
B, 346 H1(54.8%) A HEMAAELL, 291 (46.2%)KAAEE FHRGL, 13 #11(2.0%) 8 1 44, 5 141(0.8%) K ATE
1 2%, 570 $1(90.3%) K 111 2, 43 1511(6.9%) KAAE IV o PRI K/ 74.5+£98.4 mm, 43 HAX 58
221 H1(35.5%), R 159 51(25.1%), zsibMg 251 151(39.8%). FHH 115 Hil(18.2%) E3# KATF A,
187 1511(29.6%) B # AT R BB VIR, 329 6i(52.2%) BEATHRIG TR, 577 B1(91.5%) EH RITHBEMET
Ko For 92 #il(14.5%) B E 2 HIT, 406 Bil(64.4%) EH 2T . BHWIRARESE Bk 1 Fix,
RN 5 50 UF A A 2 8] TC i 35 1 2 5

Table 1. Clinicopathological characteristics of patients (< 2 years old) with NB
= 1.NB & (<2 %)Ml KHFIBFHE

AN =631) YIZRIAFI (N = 443) I8EBA S cohort (N = 188) P

e 0.400
<1 % 390 (61.8%) 279 (62.9%) 111 (59.1%)
>1 % 241 (38.2%) 164 (37.1%) 77 (40.9%)

L5 0.461
5 330 (52.3%) 238 (53.7%) 92 (48.9%)
% 301 (47.7%) 205 (46.3%) 96 (51.1%)

T 0.311
HA 502 (79.5%) 358 (80.8%) 144 (76.6%)
BA 67 (10.7%) 45 (101%) 22 (11.7%)
HAth 62 (9.8%) 40 (9.1%) 22 (11.7%)

(Bl 0.673
L 346 (54.8%) 240 (54.1%) 106 (56.3%)
A 285 (45.2%) 203 (45.9%) 82 (43.7%)

Ji e ER A 0.735
A 58 (9.1%) 37 (8.4%) 21 (11.2%)
B 112 (17.8%) 78 (17.6%) 34 (18.0%)
C 71 (11.3%) 50 (11.2%) 21 (11.2%)
D 61 (9.6%) 47 (10.6%) 14 (7.5%)
E 291 (46.2%) 203 (45.8%) 88 (46.8%)
F 38 (6.0%) 23 (6.4%) 10 (5.3%)
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IR NAN 0.820
0~39 mm 146 (23.1%) 104 (23.4%) 42 (22.4%)
40~79 mm 291 (46.1%) 199 (45.0%) 92 (48.9%)
80~119 mm 149 (23.7%) 108 (24.3%) 41 (21.8%)
>120 mm 45 (7.1%) 32 (7.3%) 13 (6.9%)
it 9e 43 3R 0.395
SRR 221 (35.1%) 154 (34.7%) 67 (35.6%)
JRBAL 159 (25.1%) 106 (23.9%) 53 (28.2%)
Lz 4 251 (39.8%) 183 (41.4%) 68 (36.2%)
HAREEAR 0.814
REA 115 (18.2%) 81 (18.2%) 34 (18.1%)
S e D) 187 (29.6%) 128 (28.9%) 59 (31.4%)
MR HEAMRFFEAR 329 (52.2%) 234 (52.9%) 95 (50.5%)
AR FAR 0.264
b 54 (8.5%) 42 (9.4%) 12 (6.4%)
& 577 (91.5%) 401 (90.6%) 176 (93.6%)
L2 0.075
I 13 (2.0%) 7 (1.5%) 6 (3.1%)
1 5 (0.8%) 2 (0.5%) 3 (1.6%)
I 570 (90.3%) 399 (90.0%) 171 (90.9%)
v 43 (6.9%) 35 (8.0%) 8 (4.4%)
1 Cig 0.638
& 92 (14.5%) 67 (15.1%) 25 (13.2%)
i 539 (85.5%) 376 (84.9%) 163 (86.8%)
(&g 0.922
& 406 (64.4%) 284 (64.1%) 122 (64.8%)
% 225 (35.6%) 159 (35.9%) 63 (35.2%)

BEDEE)ER. A, Y B, FEML; C, WEEE;: D, K THRHAL,: E, ¥ LI, F, Hit.

3.2. LASSO MIZ L EIERZTE Cox EYI4T

PTATRH LASSO FlIHKEFT G R R, HAMEAR - DELENZI. FE log WG, &I
Wy MR PR ML BRERAL. MR . TR
TR, AE%0%. U7 W& 2). R4 SRR mmE 7, HdRt 25858 10 MEER
R M. MREBAL. s . FR. BRMF R, AN %, HUT. 7). BRI 14
PRUETR ZAREERETIN R 7, HA At 2 33 6 MEZRREEER MR . BREFAR. HEl%

PRAE(E EZ) R 12 M RARE RB) O

Y IT).
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Figure 2. The selection of predictive factors by least absolute shrinkage and selection operator (LASSO) regression. (A)
LASSO coefficient profiles of the 12 variables; 1-age; 2-sex; 3-race; 4-laterality; S-tumor site; 6-tumor size; 7-stage; 8-surgery;
9-metastatic surgery; 10-histological grades; 11-radiotherapy; 12-chemotherapy; (B) The left and right dotted lines stand for
the minimum criteria and 1 standard error criterion, respectively

E 2. @& NEIRAEREFER F(LASSO)EVEZFFUMEF . (A) 12 MEER) LASSO Z¥NE; 1-Fi#k; 2-14
A 3-FhiR; 4R S-FEERGL; o-FMBR/N; 7-0H8; 8-FA; 9-BERBFAR; 10-HBAF SR, 11-K807; 12-177;
(B) EAEEDHRREMIVER 1| MRERERE

DOI: 10.12677/wjcr.2025.154021 177 SR k7T


https://doi.org/10.12677/wjcr.2025.154021
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PR B /MR AEIERERT 10 MR RPNZ D MG Z 70 COX [T, fJE1E AIC = 368.83 H1fiE
AR, FRATRBL, FHY . RN R WA RS TETF AR E NB i3 (<2 %) k4 CSS FIBRAL 6 [
l%%o %5 W 5 % 70 Cox [RIA AT I B 2% 45 - W2 2.

Table 2. Stepwise backward multivariate Cox regression analysis of CSS in primary cohort

F 2. WEETIFHEY CSS #HITELEIEFEZ T Cox EYASH

LAl 95% B 17 X [A] p
R
<1 % Sk
> % 3.36 1.57~7.18 0.002
BN
0~39 mm S
40~79 mm 5.44 0.72~41.44 0.102
80~119 mm 7.56 0.99~57.93 0.052
>120 mm 12.09 1.46~100.23 0.021
it 6 43
SRR 2%
Ak 0 0~Inf 0.997
WAL 14.04 3.34~59.1 <0.001
AR TR
& 5%
= 0.46 0.22~0.944 0.034

I\k%: B, AEMZ: C, BEE)E: D, KFHRHAL: E, B LR F, HAb.

3.3.1£F, 3454 CSS WL E LN

. ] 10 20 30 40 50 60 70 80 20 100
Points h h h i h h )
21 year old
Age :
Tumor [¥1 year old 40-79mm >120mm
size 0-39mm ) 80-119mm
regional
Stage r !
o localized distant
Metastatic yes
B |
surgery no
Total Points r T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260
Linear Predictorlp
25 2 15 El 05 0 05 1 15 2 25 3 35 4 45
1-year CSS " T T . T —
0.99 09 08 07 06 05 04
3-year CSS . ' ; ; ' ' : v y
0.99 09 08 07 06 05 04 03 02
5-year CSS

0.99

09

0.8

07 06 05 04 03 02

0.1

Figure. 3. The nomogram predicts CSS in patients (< 2 years old) with NB at 1-, 3-, and 5 years
3. i% nomogram EIFN T<2 % NB SBH7E | &£, 3 £ 5 £ CSS

K, FRATRLGEFER . RN 0. BREFEAREIZLESRF(<2 &) NB BHE T
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CSS (14 3). MR sr A2 CSS B EH W E R IN R, WERFTR. SMRH AN, FET 0 XA X
. MR RN R A S D REER R, R, BT RS s . A, A
AR — AR, MR T 1 DB, AR R AR

3.4. HIZERYIEE

A Training cohort

1.0

0.9

0.8

C-indx

0.6

— Time-dependent curve of C-index
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T T T 1
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B Validation cohort

.
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0.9
|

C-indx
0.7
|
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|

—— Time-dependent curve of C-index
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T T T 1
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Figure 4. Time-dependent curve of C-index in training cohort (A) and validation cohort (B)

4. INZBAFUA)FASEIERAFI(B) H C 35 B AV BT Bl {ikisih 2k
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FEINZRBAZFIEGAE RN Z H, FRATE AT ¢ $REORK IR ZI 4 B 20 M. MIZRBA SRS E RS ) ¢
B0 5N 0.888 (95% CI: 0.849~0.927)F1 0.885 (95% CI: 0.818~0.952), FHIFNLL K FLAT KL UF (KR 14 A1
Y RPEE] 4) o YIZRPAFI IS UEBA B AUC .3 B, Z A Y B By i HERa PR 5). 7E VIR,
T LE 1 45, 3 4EM1 5 419 AUC 73518 87.4 (95% CI, 81.3~93.6). 91.3 (95% CI, 97.1~95.4)F1 92.1
(95% CI, 88.2~96.0). FEIGUERAFIH, FRMALTL K] AUC 43514 90.0 (95% CI, 79.3~100.0)~ 90.1 (95% CI,
82.9~97.4)F1 89.7 (95% CI, 82.2~97.2). TEUIZRBAFIFISGAERAS H, BeHERN LR Wow, TR AL i Ve 5
FRNME P — 2, AR T AR R R (A 6). S5 SRR, TR AT R R g

A
100% - =,
75% -
2
=
2 50%
Q
%]
AUC
25%
- |-year87.4(81.3-93.6)
3-year91.3(87.1-95.4)
S-year 92.1 (88.2-96.0)
0% -
f T T T 1
0% 25% 50% 75% 100%
1-Specificity
B
100% - =,
75%
2
Z
2 50% -
L
%)
AUC
25%
— 1-year87.4(81.3-93.6)
———— 3-year91.3(87.1-95.4)
S-year 92.1 (88.2-96.0)

0% —

r T T T 1
0% 25% 50% 75% 100%
1-Specificity

Figure 5. AUC for predicting 1-, 3-, and 5 years CSS in training cohort (A) and validation cohort (B) CSS, cancer-specific
survival; AUC, area under the receiver operator curve

& 5. INZRBATU(A)FIIEIERBAFUB)FFUN 1 £, 3 30 5 FBiEFH A FHI(CSS) fhZ&k TEFR(AUC)
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Figure 6. Calibration curve of the nomogram. (A) Calibration curves of 1 -, 3 -, and 5 years CSS in the training cohort; (B)
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