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Abstract: Radiomics aims to quantitatively analyze information embedded in medical images to characterize disease states and

clinical outcomes. In practice, however, longitudinal imaging data are sparsely acquired in clinical settings, making it difficult to
directly model the temporal continuity of disease progression. In this study, we propose a data-driven analytical framework that
represents disease progression based on similarity structures in radiomics feature space, without assuming explicit temporal

information or predefined progression models. By modeling lesions from multiple patients as nodes in an unrooted phylogenetic

tree, the proposed method enables visualization of disease progression as a pseudo-temporal structure, capturing both continuity
and branching patterns of disease formation processes. T2-weighted magnetic resonance images from 35 patients with
astrocytoma in the low-grade glioma (TCGA-LGG) dataset were analyzed. Radiomics features were extracted from tumor
regions, and a subset of prognostically relevant features was selected using Lasso. Dimensionality reduction and minimum

spanning tree algorithms were then applied to construct the phylogenetic representation. The resulting phylogenetic trees showed
a tendency for stable and severe cases to be separated when feature selection was applied. Moreover, severe cases were further
divided into two subgroups characterized by distinct morphological patterns, and subsequent gene expression analysis revealed

differential expression profiles between these subgroups. These results demonstrate that the proposed framework provides a data-

driven approach for visualizing disease progression from cross-sectional imaging data and offers a basis for exploratory analysis

of phenotypic and genotypic heterogeneity in low-grade glioma.
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Fig.1 Examples of (a) rooted tree and (b) unrooted tree.

2. /5 &
2.1 EEREH
AHFFETlE, The Cancer Imaging Archive (TCIA) (2B &
T 5% Low Grade Glioma (TCGA-LGG) T—% t v &
Wizl12]. AF—% vy M2, MRESEESE SIS

WCTZ L — NS T BHERE LT, 2HMIENE 41 SEH,

ZZER R MNNE 35 fER, Z2SEBHIIE 66 FEBIAE F 1L
TWh, oL, RifeTlE, &7 F =<0 30%%
B, BRABMEOKEEERICITRET A2 2 EPMoN TV
AR CEE UCBATICM R L7z, 72720, BalEsy

25100 H DN CTHELF L RSN TV A 6 IERIZ DV T,

FERHMIC B CRESBBIZEZNM A ECITHY ) 77— L
Wr L, fRMTS R SBRINL72. ZORER, iz 35 5
IRATRT G L L, {EIRBICAEG L Tz 25 ER & 2226
BIERIIE DR SN2 10 ERI 2 HEALBI & LTESRL
oo B, Y0 oBEE 100 HICREE L /2B, K
BRSO o — I RIGETTSRIETH D, AT D
EHICRAZ EDBHONTWELZDOTHE, TDD, #&

Vol.43 No.2(2026)

EEIER I e TEVERI T, RS TnT
P HE2BEYICMEL Tna LTS 0L, EFERITICE
WTHEREOZLWITHY ) 77— L R 2B S 5.
RIFFETIE, 2O &9 M B o Es % i3 5 H
BT, EBREMEE LT100 HEZ%E L.

RF—% 1y MAUIBEBOWRGEY —7r Y ABEEnTw
55, AWIFR TR BT 2 8% 70 ~ a Vo —
HBLOT—YOREEZEEL, 3 XTOREFIZBNT—
BL TS SN T/ T, g & BT R & L7z, BRR
F9121 FLAIR R0~ VT 785 A M) v 7 fHT o4 FED
WMEINTVED, ST — 7 I2BWTiEy—7 v A/H
TREFHFEOIEL D ENE LTV, 20720, KT
=Y =7 P 2D $562 8T, 7= D—
B2 L2, Radiomics §5 #1230 < 77— & BRahAl

T AT o720 %k, AWETHM L7 MR EiIE, Wi
MO MBI SN BRI RE Lz, 72, §XC

D MR BIf§IZOWTIE, #IEHH 2 H O Cllfgy 1 X% 512
XSI2W2fE—Lz2b o2 MHA Lz SHIZKY, BEigEoY
7 V(= 8 7 A A ) & 512X 512 28— L, R
HIHIZ BT B EFEN— ZAOFM RS2 @b L7z, Z Ok
12, VA X AR TIE W HEN 7 22 1 45 # 5E (mm/pixel) R
FOV OEFHIEEIN 2 WIICEEPLETH L.

SHIZ, ARHSETIE, W7 — Ik THEEI N
BEEAER OBEEEIZOWT LT 217072, BEAL
10 FEBID 5 B, RNA-Seq 7— & DSFIHUTHETH - 72 8 FEHI
ARRE L, BETFEET-F L L THW #EFRHA
wICE, BEEYEB LY =7 v AREIC X 2 HIENE
& 1172 FPKM (fragments per kilobase of exon per million reads
mapped) D 75 78—+t v ¥ £ UETH % FPKM-UQ %A L
72 BIREBN BT 2 @R TFHIL 60483 I CTH o7z T 72,
Ensembl i fz T ID % HGNC (HUGO Gene Nomenclature
Committee) |2 £ V) EFH SN/ BELT ¥ v RIVALH L, &
fariae LTHW.

2.2 Radiomics & D EHAEI

RF—5 1y MIZiik - ZEEOT— 7 HNREL T
% 728, Radiomics Fifm O FHINIZSEL 6, 35 fEHI O MR
I x L CIRER R 21T, EREOIER L% Tkt
L72. MR BB B Wl EE 2 5o )  X03e %
NHEGDH D, HIGEERALE Y Z0F FHAT5 &,
BB ORARMEED ) 4 AOBE RS, EEHERNO
WFEDOMEAVNEL B HHEIEL L. 22T, &GO
WEELY AN T AR L, B4V 0.05% O FE & B &
LCiEL, TN EomZFEMEIE 1023 (ISR L7295 2 T,
WFEMEOR/IMEE 0, RAMHEZ 1023 £ T 5 X 9 (ZHIBIRE
P 24T, BRELAIE L. 28, 120.05%D
WHEH ) A XTdhDHEMELRHEIL FioERIES
EPEL 7

TEFERE AL D 35 FEFITXTIZOWT, HEBAT A A
&% MR B{EOH 2 S FEBHESIRKE 2B AT A% 1
FORIR L, PERSFHEISE FEICHtE L2, A7 -5+ v Mg
SHiRPOPEEINTEBY, 2T 4 AMBHIARIEG— %2 fER]
MEENTV D, AR 2 AKEh 5 17 O WG 1 & 2 58
WOBEE %M L7280, RIFFETIEL 3D BT Cld7% < 2D
MEEBR L7z, RIS, S L2 sEE 2 5, &5 298 18
H @ Radiomics 45 & % Ml L 72, R OFHINIIE, —
KA ENTWBEY 7 b o7 MaZdal13-151 % i L 7-.
208 JHH OMNFUL, BEROKE ST 485 a1 HEH, ©
A NT T AR OEHE, T AF v SR 272 HE, i
GEE (7 = — 7Ly MEW) T 2 E 16 HECTH S



R SR /X5 A — % 1% MaZda D F 7 # )V MEZ Hw
72 BIZIE, T AT v EHMEEREIS T AT 5
FEIACATHN O/NT A — 1%, FEEERERR 16 BERR, 103 1 B0 e
1~5, JI0°, 45°, 90°, 135° TH-o72. 16 BER~OET
1Bl & 0, BEFERE OS5 50 EE Ol o 72 % PO L, il

WEREORIXT Y 7% 7 7 AF v ik 2 92 X9 ICHRE L 72,

% B, MaZda (ZEFEH 2 BEHE(LIREL T H 2 IBSI(Image
Biomarker Standardisation Initiative) |25 @EHEM L 72 7 b

727 Tz, AR TIRENT OFBRMEZ RS 5720,

IRFEEIEHLS L ORI EIEE L IBSI OHEFEIHE U2 TEA T
To7z. AWIZEO BIIL, [H 4 OREREE O E O Mk |
Tld7% <, [ZRICHBERZEMIC BT A IE B O 7 1
HERE i R O HAL] ICERZ BN TWS 720,
L7256 TCORMEFHINC X0, BT OZ Y834 &
NHZLDEERD.

-
—TH

2.3 Radiomics 4582 &R

A% L 72 298 TH H @ Radiomics S #Im D3N TAS, L5E
JER & EEAGEFOFBNIAH L IZRS 2w, 22T, K
fJF4E Tl least absolute shrinkage and selection (Lasso) [16] %
T, HIRNA 2 a2 IR L 72, Lasso 12K T
EFESIND ¢
§ = argin {%Z (y,—,BO—Zx,,[)’,> +AZ|E,»|} (1)

J=1

SIT, NHERIR, v i HORBIO%E B,

X \&j 7F H @ Radiomics FFfEii, Bo ($ERIH, 1>0 135/
EAEWEZHIET 2 RN T 2 =% p IIFEEORE T
£, NI x=%pid, (DAORBELHELZHEL LT
KoOBNDL. B, KWGETIER O glmnet 75y 77— %
W &2 T o 72720, (1) O | FIZIZFE Sy 7 =YD
FRICHE LT TIZ 12N LA EFILEZ#EAH L TWa, RifFET
1, 10-fold 7 B ANY F—3 g R HWT, P aERE
Wik/Ne e bm g Lz, ZOFE, Lo Tirwn
Radiomics F¥f#iE7s 3 THHEIRS L, TN 2L IER] &
BEALAER] 7 H B9 5 72 O A H 7 Radiomics Fim & LT
AL

2.4 EEFRGIREAR

% IO Radiomics R % 2 ICZEMNIZHEAI§ 5 2 &
T, S OTARALATRE L 7 B, ARIFSE TR ICHERI D
Fik L LT, A % kot R B % (Multidimensional
Scaling, MDS) [16] & t-SNE[17]%#$fH L, ZDOxhE % LK
L7z, MDS (%38 455HT (Principal coordinate analysis) & %
I, 7=y Hox—27Y v FEEEZ RS2 &9 12K
IRTCZEM IR 5 FECTh 5. BANIZIE, FTA
ik jor—2r1)y FEEED>S BT d; 2L, &
LSRR E 72 B K9 \ZJEREEAIRATE z; 2 KD 5

we-a-3E-30.554) 2
ZDtk, 175 zy OEIFNZ V& W TIRKRICZE H o JE
BEAZPET 5. MDS IIEEIRTH 57-0, LIRICZEMT
F— DI LTV AEE, BT A7— % 21K
WM TH I AED T L8 L v, —J, t-SNE X3
FIRRICHEFIETH D, EIRICZEf 07 — & B AR
TCZEMTL A RXRFFEND L )BT 4. JHThy i
WEAHEFRF SN D720, BUWITZEM CIEMIE IS 57—
ZTh, BRRITZEM L CHEM T 2k ICEIETEX S, |
HTIZIE R @ Rtsne 73y 77— (version 0.17) & JHWY, /N A 78—

IXT A —ZIHEBIEL (n=35) % E 8 L T Perplexity % 10 IZ7%
EL7z. FEEBEB LW ARERKE, Ry r—=Yo7
7 4V MET@ 5 200 BL 1000 P L, I A NEEHD
PR A AfERE L7z

SR, EGIRI OB ICE W T L 7. Rifse
Tl, 77 7HmIZB b R4 SR (Minimum Spanning
Tree, MST) [181% [\ 7z, MST ORESEIZBWTIE, KT
FERI PR D 2 IRTCERETIE7: <, Radiomics FFHENH 42 55
IR ZEMIC B A 2—2 ) v FEEE AV $7%
bbb, ZIEGIF OIREEE, IR E 72 Radiomics Fifi
7 NV OZ—270) v FHigEE LCERL, ZofilEicit
DSWCHEMEFTH B ER L72#, MST 7V 3 X4 % #H
L CRBEM OS2 IuE Lz, 208K, 56N HRER
% MDS % 7213 t-SNE |2 & D 5 5 72 2 RIeZEf FI2B %
L, WHALEIT -7 BRI, xFHOREME yFH
DIEB O FJE % Radiomics Fifm D1 — 7 1) v i<
ishx | DA

d@m)=J01—yaz+&z—y»2+~4%n—y»2 (3)

Z 2T, j i3 Radiomics = ORI TH 5. HlziX, $
T ® Radiomics &% AWV LE13/=298 TH Y, 32
DFER S 72 Radiomics FEiEZ H V554613 /=3 ThH 5.
Z DRI % SIEB OMAE D TITV, ST % 7R
L7:t4, MST 703V XL %M L CREB O E g L
7o RAREIC, 2 RITTZERIC IR S NG A TR A
LT, BMETORME L L kL 7.

25 REORREY L EEHOBRAMN

Radiomics (&, [EA M {&IZHD < TREM R (FRIA) &
HRTR S VX7 B EO5T LAV OfEHR GRIRTY) % B
BT CT 52 &2 HAgE L-WF9EFEI T D, Radio
EOmics##MlAGEbLELEEZETH AL Lo T,
Radiomics AFZEIZ BT, FGAHHONLIHEDOERIBIT
B, BEE O T EY N A EORERMLL TW 2 %
WEEd 5 2 EDSEETH D,

HIEN Tl 7z 3R BN AT B L OTERERF o T kLC
L0, EEEGN 2 2OBIG LN S EREEE SN
Z 2T, RWgE T, BREEHICE DS THEEIN S
No 2 HOMEED, BIZFHEBLIZBWT Y 8% 5
WEELTWLh el 5720, daTBr—4 %M
W &R T 572, £3, RNA-Seq |2 & W5 N 7-ifaT
EHEr AL L, Lasso 352 & T, 28208
LOHGTHEEZONLBIET 2B L. ZORE,
4 OOBET O 2 BET & LGRS WIS, &
NS 4BETORBFELHCCHEN Y S A51) V7 %AT
W=ty TELTHHIEL. Sz kD, BER
RO W T S N EEUERN OB, #HnT-5H
XY — Y OO ST SN 025 L, BRI
FO L FRBI L 53T LAV OEEL & o BEYE 2 PEER I
AT L7z,

3. RERIER

Fig-2 |2, §-XC? Radiomics 458 & 2 IV CTHERK L 72
MDS B LU t-SNE 12 L 2 /i 2R3 . @hEfEs vz
W, BEOKRES, CANTTA, 7O AF Y SR
T SHBL L 7R SR L CRLE S AL A IR SRR
ENs —HT, LEfER & mEALEGIIIRE IO S
T, WEANRE L Cofid 2 EmS R SN 72, MDS
2 & R CIE, B L 2 RER & A SR ELTE Y,

B T (5 R X R



(a)MDS

MDS (2" dimension)
0

@ Severe
@ Stable

T T T T T
-20 -10 0 10 20 30

MDS (1st dimension)

(b) t-SNE

0
i

t-SNE (2" dimension)

-50
L

@ Severe
@ Stable

T T T T
20 -10 0 10 20 30

t-SNE (1t dimension)

Fig.2 Phylogenetic trees obtained using 298 radiomics features as input data. (a) Output using

MDS. (b) Output using t-SNE.
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