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Abstract

Background: Low-Grade Glioma (LGG) patients face risks of recurrence after treatment. Our study
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aims to analyze recurrence risk factors, considering the association between recurrence and
death, and to develop an improved recurrence prognosis prediction model for LGG patients. Me-
thods: We collected clinical data from TCGA, 457 LGG patients were finally included. We developed
a Joint Frailty model to analyze recurrence risk factors. We employed the Random Survival Forest
(RSF) model for recurrence prognosis prediction, with a Cox model for comparison. Results:
Prognostic factors, including primary therapy outcome, age, ICD-0-3 histology, first presenting
symptom duration, postoperative, neoplasm histologic grade, and radiation therapy, were inte-
grated into the LGG recurrence prediction model. The RSF model excelled in discrimination and
calibration compared to the Cox model. RSF’s C-index for 1, 3, and 5 years on bootstrap validation
was 0.813, 0.748, and 0.745, respectively, versus Cox’s 0.824, 0.724, and 0.727. RSF’s AUC values
for 1, 3, and 5 years by bootstrapping were 0.824, 0.746, and 0.754, respectively, versus Cox's
0.833, 0.713, and 0.730. The calibration curve also favored the RSF model. Conclusions: Recur-
rence and death events should not be treated independently. RSF has advantages for predictive
modeling of complex survival data. We foresee further research to enhance LGG recurrence pre-
diction, with potential practical clinical applications in the future.
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1. 5|

N R O N ™ e N R R BN I AR R o TR R AR O R LI AR A 2
RGF SR, 20 5 VR IR 1Y 80%, 783 ERRAFE I AE IS AL T 5 4.25/10 Ji[1], ™ bk
R, A E R idH . MG 2016 SETHE R DA HAUR AR (PRI RGP 73 bR e [2], MoiHC R
JE IS, Hor 1~ G oRAR 2% 591 i Ji 5 988 (Low-grade glioma, LGG), £ N R, 11~V 2%y 4% 5 ik
JFiJ% (High-grade glioma, HGG), &MEFEE R, JUHZ IV RN BEAI R (GBM) . R LGG EMFEE
BAK, AR R RR T BN GBM 45 B k™ E 5 B [3]. BTk R a7 7 0
FARL BT ATT S BRIIRTT . RIEIRIT (4] [5]. BRI % 4 D) R EE A T80T AN B SEME % (Temozolomide,
TMZ)ALT 2 67 Mo e TR bRt 710, (B AR U T VLT TT (0 s o IR J 3 TS T REAT AR IR 22, R R
[6]. W90 tH Bk R B MR VA AR 5 A R R MRS AT LGG B # 13Efe h HGG ] ReE[7] [8]. B A
S RIET R AR KRS, F H TR TR AR S E RGN ERA TR, SHERS
BT R BT S, 2B B R AR 50T Z R AR e, AT A 23 id ot 2R SE G IR VA B A
e, BULECA R R E S L NS TR RN AL R X EE, G B NAMERTEERS
FUIE SRR & B R, #2010, A 1010 T MBI R 50T 2 MK R, JEVES T g8
SO R FBE T KB R 25 Ak, AT E R M R AR T304, AR e JL /R R 2R [11] [12]
[13]. 7E LGG TilJa FIAH I T, 32 BECTR MR I AEAZ T, 20 M S8 38 R A7 10U I T 7E 2 M [R 31 [ 14] [15],
PEAL FE OIS AR A AAAE L[ 16] s A 22 [LT1RDT 1 IR 5T 96 58 25 (1 i PRARFAIE 5 A I R 0 52 R AU, 22 T )
KR HEMKE, BT E & e, EE7ERR, BiZx 8 R 5T MR
PRIF o AHFFLIHET TCGA RS i s ST 88 I AR EHs , SSRGS a9 8y, 75 R IMIs R SA0 T2 A

DOI: 10.12677/5a.2024.131016 152 gt 58N H


https://doi.org/10.12677/sa.2024.131016
http://creativecommons.org/licenses/by/4.0/

TrHA &%

FHRPERI LA F, 04 S i e 8 S8 ORI fE R R 2R, 6T, SR BENLAEAS AR T i L B
TR, DAY 52 5 968 A8 0 1R K T AR L R E TE S (3T 8 e

2. BlRE %
2.1. HiEFkFESIE

B R T e 3L K 2H B % (The Cancer Genome Atlas, TCGA) 2 38 ¥ /% (https://www.cancer.gov/tcga),
A0, AR 30 Pk P2 o7 8 6 5t AN PR B U7 400 (0T L ARBESN “LGG” ) HERR T BRI SERELE A7 45 R A A A7 (1]
PEFICE, FERHER TIRRE BRI, 2, A AYINT 457 4 LGG B, Lt 573 20
SR (G 80 # B E AL AR REBGU T H 2 %105%).

AHIT G AP B BB I SR ALY B LR K o 0T8ROk LU BRI 20% A I B A8 &, SR FHBEHLAR
MR ITVE AT SR RAB IR o BEALARARIE I A 2 22 AN e SR SRR A, (I A5 O E s BAT AL AN
ANEYE, BETE L Hh S I e SR R 1) L SE A

2.2. Gt

221 ERERERSH

ARSI MRS, AT R R R fE R R R . A IS B (Joint Frailty, JF) AT DUBI A B
RELFGET - FA R R ST Z RIFAR M, JEiE— D A SRR R, %58 H Virginie
Rondeau %5[18]42H, BN T

() =1 (t)EXP(XuﬂlT +o, ) =Vilh (t)exp(Xi,Bf) @
24 (1) = 2 (V)exp( X, 7 +ae,) =vi Ay (t)exp( X, ) @

PN T 7 s R S AGE T AR 1 AR B B . 55— R Cox BEZAHEL, JF BEAUIMN 1 /e 55 55
v, =exp(o; ) Fam AN E ey mie e DLW v AR s 5 RS S B e 95 TR0 I Bk 52 R XU bR R BE T2 K
Wor RIHSL, RARRE S R A 1) BRI R 5 B0 T ) (R AR DG A o AT SR IV 55 3w, AR A S 5] 43 A 14 A 35 53 A
Blv, ~T(1/0,1/0) A MESI TN T5 25 0 A Geit 7530, Y B R S B 2R FAF 50T RAEEAH AL,
UERTE @ = 0, RARIETAG 552 R REAFEARNE, 2 o > 18], RN 5 &R AR AEAE IR,
R IMAFAE T R

I JF BEAAE T E S5 UK 77 ZZ R A LGG BE h B R F ST H A Z M ARG, D 1 PPl AH
KFEX LGG HEHEE KA, AT T fEK bt (Hazard Ratio, HR) 2 H X M (1] 95% & {5 [X [H]
(Confidence Interval, Cl).

2.2.2. MNHERE

T T BENLUEAR BRI i 8L R TS TR AL, JE4E 57 Cox AR AUAE y E A« BEALA: A7 A% #R(Random
Survival Forest, RSF)/& Ishwaran %£[19] 2008 “E4& H 1 51, T EK BENLARM AL S LEAF I ARG &
AT FURs A IR AE g VI SR ST T AR Y

2.2.3. FRAMRELTMN

M X 53 B (Discrimination) 5 2% i £ (Calibration) B 4™ 4 B % FUNAR B 3EAT VP4 . {8 Harrell 19— 2%
53 (Concordance index) KPPt IR T (1) [X /3 B o — BHEFRBOR VPG 2E 7720 BB L i & I8 AR, BUEYE
FEITE 0.5~1 2 [n], HAABREEIT 1 U B EY (1) X 7 BE R AT . [FIBS, ROC #HZR 71 AT F SR IFAS AL I X 43 B 7,
{Ef£4: ROC {UE M T =40 48 &, R AT 7034 K H B [ i 7 ROC 1 4% (time-dependent ROC, tdROC)
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SR VTS TR ABE R AN [F] B[R] 550 (L 3+ 5 4F)RIRCE, FEvH AR i £ R AL(AUC) o {4 FH AR 14 iif 28
(calibration curves) K A TR Y (IR HERE 77, FFTH SRR NI 8] £ Brier 2055, B i 28 5 6] F 288k 5
T Brier 23 BOBAR, 0 B AR TR0 NE 2R 5 S R AR 7 o

2.2.4. TR BIIEIE

PSR A H bootstrap HEAT P EBIGUE,  LAVPANAR L T 14 e & AR EISE I I FE LG [20], 5%
VT FR PR IR G LB AL TN P e, Herh BRI RE S ARIREAR B v 1000 IR, B — GEARHR B T B Al AR
AREFIGEA, FHERMEAR EIPE AR

i gt R AT, AN 4.2.1 (http://www.r-project.org/). ##EEE R K
"TCGAbiolinks' & N #. {8 F ‘frailtypack f[14] g JF #5574, RSF HIAYFI Cox A5 (¥ g 57 43 5l 4 H
'randomForestSRC L[ 12] fil'survival'f3[15]. 3&FriskRegression'f 147 AUC Al Brier 441 [¥) bootstrapping
TR, FETpec 2 [16]3E1T C F5EUH bootstrapping 5. P{H <0.05 N ANGL i EE .

3. &R
3.1. LGG BE A O FMIEKEFE

BT e ni R MRS FC[8] [14] [15] [16] [21] [22]FIUA HI%HE, #5E nl fEf2m LGG B AN K.
A IE UL ASRAE AT RERI B AU R BT 04T, EILAR 1 (LGG /3 A N L GE it 22 il RAFAE) o

Table 1. Baseline demographics and clinical characteristics
= 1. 457 §5 LGG BEMEL A DS F MG KFHE

Bl N = 457
P53
% 204 (44.6%)
5 253 (55.4%)
GRS
<40 229 (50.1%)
>40 228 (49.9%)
FEIRITAER
SEALRIR 132 (28.9%)
T R 64 (14.0%)
i TE e e 157 (34.4%)
PR 104 (22.8%)
H IR
byl Yok 169 (37.0%)
b BT 4 e 120 (26.3%)
WEN i 168 (36.8%)
ICD-0-3 2124wt
9382/3 121 (26.5%)
9400/3 57 (12.5%)
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9401/3 112 (24.5%)
9450/3 100 (21.9%)
9451/3 67 (14.7%)
Jio IR 4L 1 2 53 4R
G2 224 (49.0%)
G3 233 (51.0%)
VNE]
4 198 (43.3%)
& 259 (56.7%)
AT
75 177 (38.7%)
& 280 (61.3%)
TR A S
4 163 (35.7%)
& 294 (64.3%)
SKom s
5 295 (64.6%)
52 162 (35.4%)
REARAS i s
4 349 (76.4%)
& 108 (23.6%)
IBEHA
5 357 (78.1%)
& 100 (21.9%)
T UCREIRRR ST F] (OR)
>180 117 (25.6%)
0~30 232 (50.8%)
31~90 71 (15.5%)
91~180 37 (8.1%)
IDHL ZAZ X
4 307 (67.2%)
& 150 (32.8%)

TEARF NG 457 1) LGG g, B tEn bl AR dr, ot 204 N, 2115 44.6%, 551 253
N, 211 55.4%; 4B FH FERAL AL AL “<40 B 7 R “>40 £ 7 5 F 132 44(28.9%) B FEH 1 EE
TBIT AR NTE R M, 64 4(14.0%)EE NTBD &M, IEH 157 4(34.4%) ) B3 N ita e kEs, 104 4
(22.8%) 1) 38 1 EEVRIT 45 ROk g, HAUF RN B IR B8 H 169 A(37.0%), 120 A
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(26.3%) N0 B IE4UMR, /DRI 4HRE 4 168 (36.8%); ICD-O-3 H41%:4ui0 ly “9382/3” (B EH
121 A(26.5%), v “9400/3” 145 57 A(12.5%), “9401/3” (KA 112 \(24.5%), “9450/3” (K45 100 A
(21.9%), 67 NE#H (14.7%)(1) ICD-0-3 4141253258 “9451/3” ; FEFTAH B, 4 224 A\ (49.0%)[fif
Ny 0N G2, Hi4x 233 A(51.0%)°A G3; £ 198 A (43.4%) K521 FRIETT, 259 4 83 (56.7%)
B2 FARVARTT 177 N(38.7%) K2l UsHiaT T, 280 A (61.3%) 852l lhtiayT; bk, 294 A (64.3%)
FEAESR R AE S, A 163 A(35.7%)Toiifin & 1 415 162 A (35.4%) A if kg s, 295 A (64.6%) A4 A itk
s B A 108 A (23.6%) B REFIRAS 228, HAx 349 A (76.4%) B4R ToAE bR 240325 4 100 41
B (21.9%) H I IZ 8, 357 151(78.1%) % A H B 12 3 A s 232 151 &3 (50.8%) B UCRE R FF L B[R]
N30 KA, 71 1534 (15.5%) K 31~90 K, 37 {5 & (8.1%) 1 UM IRFF 42 (I 7E 91~180 K, B AEAR
FRaLml ()T 180 KA 117 AN(25.6%); fEFTA ¥, H 150 A(32.8%)#%id IDHL KA, 307 A
(67.2%) A2 1k IDHL FEAF MR

Z AN AL SR A A7 I 1886 Ko 14 3 4EHI 5 4R R Z 4y £ 89.7%. 67.7%F1 51.3%
(H 1),

Strata === Al
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o
o
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Figure 1. Overall recurrence survival curve in LGG patients

1. LGG BEMBAKRELEFi%

32. EREREARDH

M IR BRI 45 SRR (2 2), WEFSIN J 2 theta Siih 235 (p < 0.001), [AHY alpha 153 (p <
0.001), £H LGG BHER K GIWT-ZIMAFAEM KK ZR, H alpha IfTHE Dy 3.218 > 1, HIfFEIEAIGR
Fo HRIETAENERIAEEMA, MR EAE GRS, &SRB THA BRI R 2R a 5
SRR FME ST HAE, D R R BRI &

LGG BEE KRR AT RE R, EEIRITEUIR. Fil . B UCEIRFFELN (820 LGG &
BRRIEZGRIAR (R 3). Hrr, FEERT A RO RLE 18 MU R 1 X2 E 2R T4 RN
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Table 2. Parameter estimation results of JF model
= 2. F EESHAITER

ZH il T E (FRifE1R) P1{E
theta 0.912 (0.093) <0.001
alpha 3.218 (0.425) <0.001

TEA R R 1) 2.91 f5(HR (95%Cl): 2.91 (1.43~5.89), p = 0.003), %i ik B i 5 Kk KK & 58 4 2Rt
BF Y 13 5 (HR(95%CI): 13 (6.81~24.83), p<0.001); SR <40 L HIHRFEMLIL, FERE 40 2L LK
£ L XU v 1.96 1% (HR(95%CI): 1.96 (1.35~2.86), p < 0.001); 3 i YR FR 82wt 8] Ay 0~30
IS R I RS A2 1 CRE R 3 B2 I [A] i i 180 X i35 1) 2.56 i (HR (95%Cl): 2.56 (1.51~4.35), p < 0.001),
S AR FF LIS (8] 2y 31~90 R A K 1) ARG /& 1 (R FF 2L ) [ 180 K1 2.16 £5(HR (95%Cl):
2.16 (1.19~3.93), p = 0.012), fi B Y IRFFLENT ]y 91~180 K (1 3 H B K 1A AU 2 1 R IR e 42 T
()L 180 K 2.64 1% (HR (95%Cl): 2.64 (1.12~6.2), p = 0.026).

Table 3. Risk factor for recurrence based on JF model

# 3 BT FEENERERERSH

Bl HR (95% CI) P {H
FIERIT LR
SEAGER 1.0 [Reference]
B4 AR 1.53 (0.62~3.79) 0.359
TR E 2.91 (1.43~5.89) <0.001
P 13k FE 13 (6.81~24.83) 0.003
YN
5 1.0 [Reference]
2 0.73 (0.46~1.14) 0.168
BHHRYT
= 1.0 [Reference]
2 0.76 (0.47~1.21) 0.243
YR
S TR AL 1.0 [Reference]
=y 7)ok 0.04 (0~1.45) 0.078
WENsE 0.03 (0~1.86) 0.096
PE5I
& 1.0 [Reference]
% 0.87 (0.61~1.24) 0.446
ICD-0-3 #H4{% 4l
9382/3 1.0 [Reference]
9400/3 0.03 (0~1.15) 0.059
9401/3 0.09 (0~4.01) 0.217
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gk
9450/3 1.03 (0.16~6.63) 0.976
9451/3 0.9 (0.12~6.92) 0.920
R (D)
<40 1.0 [Reference]
>40 1.96 (1.35~2.86) <0.001
i I8 4L 4R 2 43 2%
G2 1.0 [Reference]
G3 1(0.45~2.27) 0.991
W KA 52
= 1.0 [Reference]
= 1.01 (0.64~1.62) 0.952
S s
o 1.0 [Reference]
& 1.5 (0.96~2.35) 0.075
FAIR A R s
5 1.0 [Reference]
= 0.86 (0.53~1.39) 0.534
B L
= 1.0 [Reference]
& 0.96 (0.56~1.64) 0.885
RSS2 ) (CR)
>180 1.0 [Reference]
0~30 2.56 (1.51~4.35) <0.001
31~90 2.16 (1.19~3.93) 0.012
91~180 2.64 (1.12~6.2) 0.026
IDH1 KA K
i 1.0 [Reference]
= 1.01 (0.67~1.53) 0.967

3.3. EXTMARBEST

BT IR BRUMTEE I, B R BT A R R ORI I N TR A . RSF w) LARHE
VIMP {8 (VIMP {E Ay 1 5 0T M 7 (1 TR 72 2 R P 22 S5 ) ol A e B M EATHE R, i AT 2% 28 RSF X
RREAAR B E MR PPA A R IRZIN DL N A B AT A T BIRYT S5 R % 1ICD-0-3 4% 4w .
B UUERRREER ], RTBARSG . R0 A SR T URRYT o RIS Cox AU/ E A LA
3.4. AR KZEIE

MRAE IR HE v 5 RSF BEAUAE 1. 3. 5 4R C 4845705 0.905. 0.829. 0.818, i#jd bootstrap
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N ERIRAIE S 31 () RSF BEAY [ C Fa 845 54 %18 0.813. 0.748 1 0.745. HRIE 4B IEE T EERIN C 15
BB A7 KT8 bootstrap HEAFETHEAFRIM C fa 4L, ATLAYCHIBEBIATZLE ™ B Ao HE T
BRI E] Cox MAILE 1. 3. 5 4E[) C 5 %47h 0.848. 0.743 Fl1 0.754, Bootstrap P 56:1iF 75 21 i 45
Rornly 0.824, 0.724 F1 0.727. M C feHtF 4 kA, RSF BAENIZELHE RN T Cox
B, TR 8] £k 3 4EAN S 4RI, RSF #ERULE bootstrap HEHRERE & ERIRIUFL T Cox BAY, WA
A ) s B, RSF AU IR AR I RAEIE & A AR, RPN TN 8]y 1 4E RS (98 R At -
C HREMITH S R 4% 4 s

Table 4. C-index calculated in 1, 3 and 5 years
A WUNEEIE 1. 3. 5 FRI C Bl

) RSF Cox
i TH] (4F) : N . A
YILLE Bootstrap P4 &I IE YILE Bootstrap P4 &#BI&IE
1 0.905 0.813 0.848 0.824
3 0.829 0.748 0.743 0.724
5 0.818 0.745 0.754 0.727

T 2 JER T RSF RALAT Cox fRALAE 1 4E. 3 4EMI 5 4E (1) tdROC Hh£k, Fit5 1 6 Nl 8] 5 /) AUC
(7% 5). MRIEINN GBI F AT RSF HALLE 1. 3. 5 /) AUC 154 714 0.925 (95%Cl: 0.894, 0.955).
0.854 (95%Cl: 0.806, 0.903).0.867 (95%CI: 0.804, 0.930), i# i bootstrap F fh#f 15 73 3| RSF HEAIAE 1 4.
34EFN 5 ) AUC {5 %51 4 0.824 (95%Cl: 0.710, 0.927).0.746 (95%CI: 0.649, 0.834)F10.754 (95%Cl: 0.629,
0.871) o ARFE Y 2R £ #4571 5453 B Cox BEALAE 1 4F .3 4F A 5 4 1¥] AUC 1H 733l 9 0.863 (95%Cl: 0.791, 0.935)
0.747 (95%Cl: 0.676, 0.819).0.772 (95%Cl: 0.692, 0.851), £ bootstrap il FE 11515 5] Cox FAILE 1 4.

3 4EA 5 4E [ AUC 15731 0.833 (95%Cl: 0.723, 0.932).0.713 (95%Cl: 0.605, 0.817)-0.730 (95%Cl: 0.601,
0.864) S AL TR AN [R] I 8] s RIS L RSCR IR I 14F > 54 > 34, WA MR AE AN [R] )
[A] 5 AUC 1H, RSF BRI ZE I ZR S 80 R ISR T Cox #5574, TifE bootstrap HEAlFF 4 £E iK%
BURE, RSFERILE 3 4ER1 5 SETRMIVEREIE T Cox AL, #ARE, RSFARAXyEFEEf, HATE

3] S MUAGRE Y
7 H AR O
100 % 100 % —
£ £
E75% - E75%
o o -
o o
[ o
= I
= =
550% E50%
= 2
I @
j=3 o
b 3
£25% £25%
F F
—  A-year — 1-year
‘ 3-year 3-year
0% - 5-year 0% - ‘ 5-year
I T 1 1 1 I T T 1 1
0% 25% 50 % 75 % 100 % 0% 25% 50 % 75% 100 %
Time-dependent False Positive Time-dependent False Positive

Figure 2. tdROC curve for RSF (left) and Cox (right) in 1, 3 and 5 years, all based on training data
2. RSF R8Y(Z)fn Cox HEI(A)E 1 &£, 3 FM 5 FRRTEMRER M ROC #hZk, ETIIZGEE
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Table 5. Time-dependent AUC (95%ClI) calculated in 1, 3 and 5 years
e 5. FUNARALEE 1. 3 F0 5 FRYRFE)KRHIE AUC (95%Cl)

) RSF Cox
I 18] (£F) . X . :
pIEES Bootstrap % iiF pIEESS Bootstrap 4ilF
1 0.925 (0.894, 0.955) 0.824 (0.710, 0.927) 0.863 (0.791, 0.935) 0.833 (0.723, 0.932)
3 0.854 (0.806, 0.903) 0.746 (0.649, 0.834) 0.747 (0.676, 0.819) 0.713 (0.605, 0.817)
5 0.867 (0.804, 0.930) 0.754 (0.629, 0.871) 0.772 (0.692, 0.851) 0.730 (0.601, 0.863)

BATVFI IR L) 7 R il 2R (] 3) % B A vl B AT VPANY, IR o il b 7 PSS AL 4 S 7E 1 4 3
. 5 4EM Brier 2)%(# 6), KIERMZZ bootstrap JRIE 45 . RSF 7E 1 4. 3 4E. 5 4E Brier 704
439908 0.074. 0.184. 0.212, 1 Cox BEAYTE 1 5. 3 4E. 5 4 Brier 54471 N 0.077. 0.195. 0.227.
R i 2R R BT X M 2R, Brier VEAMERAR, RUIETMM R 5 BB EVI & . LEE A fZ R0 Brier
SECKRE, RSF RIRHEREIIM T Cox %Y,

100% ~ 100 % —

75 % —

75 % \,j‘/-
e
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Figure 3. Calibration curve for RSF (left) and Cox (right) in 1, 3 and 5 years, all based on bootstrap validation
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Table 6. Brier scores calculated in 1, 3 and 5 years
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