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Establishment and Validation of A Prognostic Nomogram for Pediatric Ependymoma
Based on SEER Database
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Abstract: Objective To establish and validate a Nomogram for predicting the survival of patients with
pediatric ependymoma based on SEER database. Methods We collected the clinicopathological data
from 1975 to 2016 in the SEER database. Univariate and multivariate Cox proportional hazard regression
models were used to identify potential predictors. A Nomogram was constructed to predict 5- and 10-year
overall survival of patients with pediatric ependymoma. The consistency index (C-index), receiver operating
characteristic curve and calibration curve were used to verify the discrimination and accuracy of the
Nomogram. The decision curve analysis was performed to verify the clinical applicability of the Nomogram.
Results A Nomogram model was established based on multivariate Cox proportional hazards model
of training set. C-index values of the Nomogram were 0.713 (95%CI: 0.680-0.747) and 0.734 (95%CI:
0.681-0.787) in the training and validation sets, respectively. ROC curves also showed good discrimination
in the training set. The calibration curves showed satisfactory consistency between Nomogram and ideal
models. The decision curve analysis demonstrated the considerable clinical usefulness of the Nomogram.
Conclusion The Nomogram model is constructed based on age at diagnosis, gender, race, primary tumor
sites, tumor grade, surgery treatment and SEER registry to predict the survival of patients with pediatric
ependymoma. It has good discrimination and accuracy degree, providing useful guidance to make more
accurate and personalized survival prediction for patients in clinic.
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Table 1 Clinicopathological characteristics of patients in

training and validation sets

Characteristics n(%) S;r?:zilgg@ :gl(fjglg?) P
Gender 0.617
Male 593(53.09) 479(53.46) 114(51.58)
Female 524(46.91) 417(46.54) 107(48.42)
Age (years) 0.727
<1 231(20.68) 182(20.31) 49(22.17)
2-4 284(25.43) 231(25.78) 53(23.98)
5-9 238(21.31) 191(21.32) 47(21.27)
10-14 191(17.10) 150(16.74) 41(18.55)
15-19 173(15.49) 142(15.85) 31(14.03)
Race 0.300
NHW 589(52.73) 464(51.79) 125(56.56)
NHB 130(11.64) 107(11.94) 23(10.41)
API 90(8.06)  76(8.48)  14(6.33)
Hispanic (all race) 308(27.57) 249(27.79) 59(26.70)
Tumor extension 0.677
Localized 728(65.17) 586(65.40) 142(64.25)
Regional 151(13.52) 121(13.50) 30(13.57)
Distant 49(4.39) 41(4.58) 8(3.62)
Unknown/unstage 189(16.92) 148(16.52) 41(18.55)
Histological grade 0.226
I (well 32(2.86)  26(2.90) 6(2.71)
differentiated)
I (moderately 95(8.50)  74(8.26)  21(9.50)
differentiated)
I (poorly 54(4.83)  45(5.02) 9(4.07)
differentiated)
IV (undifferentiated 321(28.74) 268(29.91) 53(23.98)
or anaplastic)
Unknown 615(55.06) 483(53.91) 132(59.73)
Surgery site 0.368
GTR 715(64.01) 578(64.51) 137(61.99)
STR 201(17.99) 163(18.19) 38(17.19)
No resection 201(17.99) 155(17.30) 46(20.81)
Primary site 0.674
Intracranial 1014(90.78) 815(90.96) 199(90.05)
Spinal cord 103(9.22)  81(9.04)  22(9.95)
Chemotherapy 0.625
Yes 313(28.02) 254(28.35) 59(26.70)
No 804(71.98) 642(71.65) 162(73.30)
Radiotherapy 0.339
Yes 748(66.97) 606(67.63) 142(64.25)
No 369(33.03) 290(32.37) 79(35.75)
SEER Registry 0.703
Northeast 168(15.04) 131(14.62) 37(16.74)
Pacific West 591(52.91) 478(53.35) 113(51.13)
Midwest 159(14.23) 125(13.95) 34 (15.38)
Southeast 166(14.86) 138(15.40) 28(12.67)
Plains 33(2.95) 24(2.68) 9(4.07)

Notes: NHW: Non-hispanic white; NHB: Non-hispanic black; API:
American Indian, Asian/Pacific islander; GTR: gross total resection;
STR: subtotal resection refers to “partial resection”; No resection:

including no surgery, biopsy and surgery (NOS).
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Figure 2 Kaplan-Meier curves of different age groups
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Figure 4 ROC curves for predicting 5-(A, C) and 10-year (B,D) overall survivals of the nomogram in training set and validation set
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Table 2 Univariate and Multivariate Cox analyses of training set

Univariate analysis

Multivariate analysis

i HR 95%CI P HR 95%Cl P
Gender

Male 1.000 1.000

Female 1.260 0.989-1.606 0.062 1.327 1.035-1.702 0.026
Histological grade

I 1.000 1.000

I 0.853 0.371-1.961 0.709 1.250 0.533-2.934 0.608

I 2.106 0.962-4.610 0.063 2.199 0.974-4.966 0.058

v 1.642 0.819-3.293 0.162 2.291 1.115-4.710 0.024

Unknown 1.295 0.657-2.553 0.456 1.432 0.718-2.858 0.308
Tumor extension

Localized 1.000 1.000

Regional 0.790 0.427-1.463 0.454 1.049 0.556-1.980 0.882

Distant 1.142 0.581-2.243 0.701 1.258 0.632-2.505 0.513

Unknown/unstage 2.188 1.166-4.105 0.015 1.548 0.687-3.487 0.292
Surgery site

GTR 1.000 1.000

STR 3.108 2.361-4.091 <0.001 3.291 1.880-5.759 <0.001

No resection 1.599 1.147-2.228 0.006 1.689 1.193-2.390 0.003
Race

NHW 1.000 1.000

NHB 1.439 0.848-2.439 0.177 1.539 0.896-2.644 0.118

API 1.752 0.991-3.097 0.054 2.186 1.204-3.967 0.010

Hispanic (all race) 1.227 0.741-2.031 0.427 1.259 0.746-2.126 0.388
Age (years)

<1 1.000 1.000

2-4 0.478 0.324-0.707 <0.001 0.562 0.369-0.855 0.007

5-9 0.349 0.226-0.540 <0.001 0.493 0.307-0.793 0.004

10-14 0.578 0.418-0.799 <0.001 0.530 0.373-0.755 <0.001

15-19 0.523 0.368-0.743 <0.001 0.655 0.445-0.963 0.032
SEER registry

Northeast 1.000 1.000

Pacific west 0.868 0.557-1.351 0.530 1.165 0.731-1.857 0.520

Midwest 0.974 0.699-1.357 0.877 1.330 0.914-1.936 0.136

Southeast 2.063 1.114-3.822 0.021 2.196 1.103-4.374 0.025

Plains 0.759 0.483-1.191 0.230 0.902 0.562-1.448 0.669
Primary site

Intracranial 1.000 1.000

Spinal cord 0.261 0.129-0.527 <0.001 0.284 0.136-0.591 <0.001
Chemotherapy

Yes 1.000 1.000

No 1.424 1.105-1.834 0.006 1.111 0.835-1.477 0.469
Radiotherapy

Yes 1.000

No 0.865 0.671-1.115 0.262 0.800 0.605-1.057 0.117

WHO I 2%; = [a]F# -

WHO I % ; RELAGA

TR ERR A PR HR S EE 2R T A s

BHPE 22 A FG Byis . WHO I sk 4% (Al ARk
B . WHOTZ ) . 80%Hyk il ml /i &2 %
3%~9% NI 5 R 02 J HOBAERRBERG =0l T/
P R DL R R R T i it . WHO MR RS
oy Racy VA Y > - O 2k o 7 S TRE T3
etk A s, R AT A T 3 SEER A
BB R, BRI PR ot — R
b BRI AR g RGP, (H i TSR =Z 6] A 4
B 22 5 DL S 43 0 1A B 0, 7E20154F 4

G955 85 R 2 8] I B — B DG Rt
I35, PR Y 5 O T4 fi ASEER I J7
2 i P A B2 RS A 25 2R i R A 3
WA, BRI GOT R R 2 B

I P9 K A 2L 0 AT O 28, ER AR
BOPTHURE . o TREIE AR R TR YIERIE F
SEIIRY T RS (R R AR g R
AR 2 TR 11 A o DR 38 B UL 4 1
OPA, 0~4% IR BN —ANIE(E, 12/ AR



AYEBRG 381372021 55484555488 Cancer Res Prev Treat,2021,Vol.48,No.4

* 363 -

B, SRIGTE30~50% I HBNEE — AN mpige! . AHFoY
SRR, B4 R T R
T HAAE R A . T A RN, R
W JE HIE A BRI T 2 VIR A SR i &
FREBIRTE A RN, %F 82 R AR A BT
Mg, HAT BRIk, (afbrik
T STt FR 43 V) BR AR FAIK S L 2 v 9 4 FRATY A AR
W —IUEEXT L2 % 8 B 1 [ B B AL 36 STOP
Ependymoma Il ( KX ) & P42%193% LAF JL#E
KRG A7 Al ik B SAE ot e A 7, (B —am
FET9 2330 R BUAF LE MR A R o, ik
PR IFRIE R A R, HBERN T AR
JL e A2 2R B AR R s L A R A b A
BRI A2 G20 N, A DGR sk, A
WEIE A BEAN A PR 5 R 1 BB i lie
P, APTEEF AR AP LGB R H S S A TR
K. BIREER SR, APLARER XA 2 R G0
A K S AR K. APTEIZMH A AT H
W E, HESE TR, BT IR BRI
JiRE AR 2 0 22 S AT e s S UL AR AR R I L F
DN E ¥ NS+ %/ 55 0.0 a ) g N i)
I7 I HC AR PT BB ) B AR AR RATA %
" DU SEER KU 4 b R ik = 22 TF I &
T & S, 25 S i R 810 45 Southeast i 46
T2 XU B T Northeast, Southeast yEFEIETH R4
Hby, i RR AR NG AR B v Y L A R AE T
KBEET, ABFRATH M 45 A s T i AE T
PNSHIED e na e =3 =9V ES

=8 R I s R AL AT =, LR T
ARYIBR AP 2 5 g 15 e ps >, R
AU EE, HT RSV 2 L EE
R I AT Y A MIBR AR S T
B BT R N 22%~52%, T A IR G BT
H LA R AIK67%~93%" . SR, A4 KL
(49 e [R] 2 2 IR I DR 2 22 it R 4 s 1S R 24
R 431 H T 22 S0 IR, SRR
SR I A TH PEAS AN W & e 1 43 - A IR I KA A
RCPIEIT RS o R A TS TPA X 2 48 BER R
MIRITREDT MR E2R T A B % L . Nomogram
P RE % B D, 57 A U PEAG o A 52
B LG A B AR R T T T LEE R E
IR SAE AN LOAF S AR A7 241 Tl 5 A5 Y Nomogram
B, BB SZ 45 v AT, X TS A
AR S N FH A EL

AMFFMEAT—E RBR . SEEREE E/E N

I [ 2 BRI e RS o, W I ANFRZRE, (H
FEN PR NFIRRN, SEYH TR A1l R 1
B, BRILZ AN, i 28 5 I R S
OS2I, AT T R AL BB T R AR i B
PP b DR A THE R, DIz B ] T
FHEAER AR, SEERFE—A BB, H
A TGRS BT AE L PR I ey, 45 2R 0l S AN B
R Bl oY FRy 7R B8, Wit/
TS I PRAEAR | G FFAE AR 2 R GER O B A
Kidsk. fa, MESEEXLET AR R
ABERE XL, AT ARBITERN R 198 LIT A
e, B R AR LB WS 22, [N aT BE X
WFTEAE R LR

Li LRA, AEEE . PER L MR JRURERAL |
M2 G . FARIT KB ICH R LE T A
B R BUS R R, T X SRR bR ST Y
XS 90 5 5 Al P e AR I FHPE B T, ) I 55
TARFAE W R TAE AT B . SRR X
5 T A —E S H M, (HATFFREA TOR
KT 5 B RE R e, T 2 T A b 2
S0 IR e A AR A A AR HAT R, AE ] L&
AR S R 95 ST AP R . AR
FOMARILE S BRI LA, Ar Rk
AL ZHUL B USRS A A 4R

Sk -

[1] Vitanza NA, Partap S. Pediatric Ependymomal[J]. J Child Neurol,
2016, 31(12): 1354-1366.

[2] Eaton BR, Goldberg S, Tarbell NJ, et al. Long-term health-related
quality of life in pediatric brain tumor survivors receiving proton
radiotherapy at <4 years of age[J]. Neuro Oncol, 2020, 22(9):
1379-1387.

[3] wvan lersel L, van Santen HM, Potter B, et al. Clinical impact of
hypothalamic-pituitary disorders after conformal radiation therapy
for pediatric low-grade glioma or ependymomalJ]. Pediatr Blood
Cancer, 2020, 67(12): €28723.

[4] Ritzmann TA, Rogers HA, Paine SML, et al. A retrospective
analysis of recurrent pediatric ependymoma reveals extremely
poor survival and ineffectiveness of current treatments across
central nervous system locations and molecular subgroups[J].
Pediatr Blood Cancer, 2020, 67(9): €28426.

[5] Board PPTE. Childhood soft tissue sarcoma treatment (PDQ®):
Health Professional Version[EB/OL]. PDQ Cancer Information
Summaries, Bethesda (MD), 2020{2020-12-03]. https://www.
cancer.gov/types/soft-tissue-sarcoma/hp/child-soft-tissue-
treatment-pdq.

[6] Deng X, Zhang X, Yang L, et al. Personalizing age-specific

survival prediction and risk stratification in intracranial grade II/



- 364

ADBBRG 381372021 F 55484555488 Cancer Res Prev Treat,2021,Vol.48,No.4

III ependymoma[J]. Cancer Med, 2020, 9(2): 615-625.

[7] Duffner PK, Horowitz ME, Krischer JP, et al. Postoperative
chemotherapy and delayed radiation in children less than three
years of age with malignant brain tumors[J]. N Engl J Med, 1993,
328(24): 1725-1731.

[8] Ostrom QT, Cioffi G, Gittleman H, ef al. CBTRUS Statistical
Report: Primary Brain and Other Central Nervous System Tumors
Diagnosed in the United States in 2012-2016[J]. Neuro Oncol,
2019, 21(Suppl 5): v1-v100.

[91 Robertson PL, Zeltzer PM, Boyett JM, et al. Survival and
prognostic factors following radiation therapy and chemotherapy
for ependymomas in children: a report of the Children’s Cancer
Group[J]. J Neurosurg, 1998, 88(4): 695-703.

[10] Merchant TE, Li C, Xiong X, et al. Conformal radiotherapy after
surgery for paediatric ependymoma: a prospective study[J].
Lancet Oncol, 2009, 10(3): 258-266.

[11] Pajtler KW, Mack SC, Ramaswamy V, et al. The current consensus
on the clinical management of intracranial ependymoma and its
distinct molecular variants[J]. Acta Neuropathol, 2017, 133(1):
5-12.

[12]Ellison DW, Kocak M, Figarellaf-Branger D, et al.
Histopathological grading of pediatric ependymoma:
reproducibility and clinical relevance in European trial cohorts[J].
J Negat Results Biomed, 2011, 10(1): 7.

[13] Godfraind C. Classification and controversies in pathology of
ependymomas(J]. Childs Nerv Syst, 2009, 25(10): 1185-1193.

[14] Marinoff AE, Ma C, Guo D, et al. Rethinking childhood
ependymoma: a retrospective, multi-center analysis reveals
poor long-term overall survival[J]. J Neurooncol, 2017, 135(1):
201-211.

[15] Ruda R, Reifenberger G, Frappaz D, et al. EANO guidelines
for the diagnosis and treatment of ependymal tumors[J]. Neuro
Oncol, 2018, 20(4): 445-456.

[16] Merchant TE. Current Clinical Challenges in Childhood
Ependymoma: A Focused Review[J]. J Clin Oncol, 2017, 35(21):
2364-2369.

[17] Dorfer C, Tonn J, Rutka JT. Ependymoma: a heterogeneous tumor
of uncertain origin and limited therapeutic options[J]. Handb Clin
Neurol, 2016, 134: 417-431.

[18] Klish M, Shrieve DC, Macdonald DM, et al. Childhood
ependymomas: An analysis of factors impacting survival[J]. Int J
Radiat Oncol Biol Phys, 2004, 60(1): S309-S310.

[19] Grundy RG, Wiline SA, Weston CL, et al. Primary postoperative
chemotherapy without radiotherapy for intracranial ependymoma

in children: the UKCCSG/SIOP prospective study[J]. Lancet

Oncol, 2007, 8(8): 696-705.

[20] Strother DR, Lafay-Cousin L, Boyett JM, et al. Benefit from
prolonged dose-intensive chemotherapy for infants with malignant
brain tumors is restricted to patients with ependymoma: a report
of the Pediatric Oncology Group randomized controlled trial
9233/34[J]. Neuro Oncol, 2014, 16(3): 457-465.

[21] Mack SC, Taylor MD. Put away your microscopes: the
ependymoma molecular era has begun[J]. Curr Opin Oncol, 2017,
29(6): 443-447.

[22] Achey RL, Vo S, Cioffi G, et al. Ependymoma, NOS and anaplastic
ependymoma incidence and survival in the United States varies
widely by patient and clinical characteristics, 2000-2016[J].
Neurooncol Pract, 2020, 7(5): 549-558.

[23] Hiibner JM, Kool M, Pfister SM, et al. Epidemiology, molecular
classification and WHO grading of ependymomalJ]. J Neurosurg
Sci, 2018, 62(1): 46-50.

[24] Kehm RD, Spector LG, Poynter JN, et al. Does socioeconomic
status account for racial and ethnic disparities in childhood cancer
survival?[J]. Cancer, 2018, 124(20): 4090-4097.

[25] Patel CG, Stavas M, Perkins S, ef al. Central Nervous System
Disease, Education, and Race Impact Radiation Refusal in
Pediatric Cancer Patients[J]. J Pediatr Hematol Oncol, 2017,
39(5): 382-387.

[26] Espey D, Paisano R, Cobb N. Regional patterns and trends in
cancer mortality among American Indians and Alaska Natives,
1990-2001[J]. Cancer, 2005, 103(5): 1045-1053.

[27] Zhang C, Ostrom QT, Hansen HM, et al. European genetic
ancestry associated with risk of childhood ependymoma[J]. Neuro
Oncol, 2020, 22(11), 1637-1646.

[28] Merchant TE, Bendel AE, Sabin ND, et al. Conformal Radiation
Therapy for Pediatric Ependymoma, Chemotherapy for
Incompletely Resected Ependymoma, and Observation for
Completely Resected, Supratentorial EpendymomalJ]. J Clin
Oncol, 2019, 37(12): 974-983.

[29] Khatua S, Mangum R, Bertrand KC, et al. Pediatric ependymoma:
current treatment and newer therapeutic insights[J]. Future Oncol,
2018, 14(30): 3175-3186.

[30] Wang J, Sun C, Liu M, et al. The potentially therapeutic targets of
pediatric anaplastic ependymoma by transcriptome profiling[J].
Neoplasma, 2020: 200529N581. Online ahead of print.

[ig: A4 K3 TE%]
fEE STk :

K OB wURE BRI

SRIIM. IR LK At LA

T B LR



