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o Bk 2 W0 R0 IS 40 MO8 (retinoblastoma, RB) FEFFfifJ8 DNA (circulating tumor DNA, ctDNA) i iAG 4 4U 2 (546 ) #Y
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fraction, TFx) 4% ctDNA 7+ F 46455 RB W/ % VIAHE; 5K, M. M E W otDNA &4 L& I RN AN E, miaHrAs
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2. 2Mm5&M
« CHIX RB HAEIEATIR K N AS R, ctDNA AR 20 THAIE ;s BT A L5 K ctDNA AT AR 1 4658 i RB 21, L
] RB A7 e S AL I, otDNA S8 (b n] B TSR A NG RO AT 251, F77K tDNA ) TEx A Fti i 2
%, ZR1A1M 3% 1 E DNA (cell-free DNA, cfDNA) RESEF RB AR A EF=HTIZ T
3. BEXNE¥E

VRN T RBAEGLIZWT . TS PEAL AT ORI AR R, #E3h RB 2T ) > TAS ARG AE s Mol T ORAR B 38 TE ik kT e
%lﬁj‘*ﬁﬂ@llmﬂ?%%ﬁ, ST RBAFFHUSHEMAR s MIRIRIERE tDNA £l ﬁﬁiﬁef/\‘ﬁﬁﬁ?ﬁ?ﬁ, 124 RB K5HELTT 1)
JEEL AR AT I, A EEERT RB B E M IRIR S AL TR

fE =] ?}Qlﬂﬁ”éﬁiﬂ’ﬂﬁ (retinoblastoma, RB) & JL H fie 5 UL 9 i & M HIS Py ek e, A V8 900 D) s ik 4
1, BA RN, AN KRR E S A, BT, RB BYiSWr R EAHGHIR ISR A . HA L JHEL

ﬁﬁ}%fﬂ#ﬁ (computed tomography, CT). #3485 f% (magnetic resonance imaging, MRI) %5 IIfi JR FEfiE Fl 52

B3R, UG VPR ) 32 B TR A U RA YT RN o T A T g 0 A 2 A (I A A 7E b
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PRACHR RS, X RB B2 IRY7 IR i & s AL B O S ARk, IR
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S i3 A MO8 T SR U T R B T ) DNA R B, #Ea g R S s e AR S, AT RO B E P g AE |
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AR S . AEWRIRR A, Bk iR . WA S AR T Y otDNA B ILMAE : J57K ctDNA & i |
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RO 2451 ) K= R Wi (ARAR A I 38 A% XURS: ) w48 s P AE B . AR SCZRIR T ctDNA 7
RB BRI 7 vk . R T BB RE a5 L I PRI R oe kI, 00 T JFC TR A G 0 52 B AN
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Research advances of circulating tumor DNA in
retinoblastoma

WANG Angi', FU Ye', LU Meigiong', ZHAO Zhongzheng’
(1. Hubei Enshi College, Enshi 445000, China; 2. Yunnan Medical Health College, Kunming 650106, China)

Abstract Retinoblastoma (RB) is the most common primary intraocular malignancy in children, originating from retinal
photoreceptor precursor cells. It is highly malignant and can be life-threatening if not treated promptly.
Currently, the diagnosis of RB mainly relies on clinical features, such as fundus examination, and imaging
findings, including ultrasound, CT, and MRI. Prognostic evaluation is mainly based on disease staging and the
patient's response to treatment. Direct tumor biopsy is deemed an absolute contraindication, particularly in
patients requiring eye preservation, due to the risk of tumor dissemination. Therefore, identifying alternative
biomarkers that can accurately reflect the tumor status holds immense significance for the diagnosis, treatment
decision-making, efficacy monitoring, and prognostic assessment of RB. In recent years, circulating tumor DNA
(ctDNA), as a key marker in liquid biopsy, has been increasingly investigated in the context of RB. ctDNA refers
to DNA fragments released into body fluids during tumor cell apoptosis or necrosis. These fragments carry
tumor-specific genetic variations that can mirror molecular characteristics such as gene mutations and copy
number variations. The detection methods for ctDNA mainly encompass PCR-related technologies [e.g.,
quantitative real-time PCR (qPCR), digital PCR (dPCR)] and next-generation sequencing (NGS) technology.
Among them, dPCR has a sensitivity of detecting a mutation frequency as low as 0.01%, while NGS enables
comprehensively detection of genetic variations. In clinical applications, ctDNA in body fluids such as aqueous

humor, blood, and cerebrospinal fluid (CSF) has shown its value: Aqueous humor ctDNA, with its high content
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and low interference, can accurately reflect tumor's molecular characteristics. Blood ctDNA is readily accessible
and is suitable for monitoring advanced or metastatic RB; CSF ctDNA can be used to monitor central nervous
system metastasis. Specifically, ctDNA has exhibited potential application value in early diagnosis of RB
(supplementing the limitations of traditional methods), prognostic evaluation (RB1 gene mutation types and
tumor fraction (TFx) are associated with prognosis), treatment response monitoring (dynamic changes reflect
efficacy and drug resistance), and prenatal diagnosis (enabling non-invasive detection of genetic risks). This
article reviews the detection methods of ctDNA in RB, research characteristics in different body fluids, clinical
applications, and research progress. It also discusses the challenges it faces, such as insufficient detection
sensitivity, small sample size, and a lack of standardization. Furthermore, it looks forward to development
directions, including technical optimization, large-scale clinical trials, and multi-omics integration, with the aim
of providing new insights for the precise diagnosis and treatment of RB.

retinoblastoma; circulating tumor DNA; liquid biopsy; diagnosis; prognosis; treatment monitoring
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Ry . R R A WA . TFE LW Z B
(computed tomography, CT) . LIRS (magnetic
resonance imaging, MRI) % |45 llfi PR 4R 11E Rl 52 AR 2
FRAECT TS 0 0 3 AR Al 0 o B R A Y
R S EERHR R IRER A BB HOIEI 7, Rk G
2 T VG E 2/ B R o A e~ 3 T
BURITAE R A RL XS Rk, Sk
HER S IR RS B FREY) . XTT RB (121
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— [ AR AL TR i I, RTFE G IR b
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W B R AT AR LA, AnUEER IR A0 A . D PR
JiJ& DNA (circulating tumor DNA, ctDNA) . 4l Jifg
MWL, SRVEAN IR A B —Fh R AR A BT
PIPERE AR AR S BRI RS T, ctDNA 2
JIrk 96 291 B 8 T B R AE B R BN W H Y DNA R
Br, #5A MR R B 5 S, X4k DNA
B AE B R HE S bR () SR R 5 AR | P8 DL gAR S
YT AR, ctDNA 7E RB HHIHFSE %
Wz B, 2R RVIETE RB 2K, s

DA AR T W D0 45 e EL A T A A I FH A
i fEde RB G R I2YT B RG22 . A%
PEAG T BL i Z 4y T2 W S8 . R R ST 24 3
DA Y 1) A5 O ) AR L T 4 B4 o T B R B
7, ok RBKSHEIZIT IR R A A 352 T H 21
WP, AMRIERETHE SR, REmA
ctDNA 7£ RB Y WF R it e, B 78 0 G IR % 1k
5507 R HEFE S5 LB T o AN SO XS ctDNA
£ RB W58 ik R A 1453 .

1 ctDNA B4

ctDNA 2 iR 4 e o 4 T2 . IRAE s 380 53
A S5 AL T R T30 A S 408 P Al A4 T v ) R
DNA Jr B FoH B K0 3 4 T ZE 160~200 bp,
5R/MALRA T B DNA B —20, kel
B (P Lo B 2 2 /), 3X Al HRE T T S )
Wb ) B A48k . ctDNA 1Y BETIHL I 52 Z F
I, G MR R i s, A8 R
JORAS L IRJT T A, fE RB T, tDNA F 2
5 R KA R R DA G R AL B,
RB1 BE[H ARG GE7E | IARAAIPE DK 53 (somatic
copy number variations, SCNAs), iX 4645 5 {5 & fiff
7+ ctDNA RE 8% 1y I 19 4 5 <38 202 bk,
ctDNA TEVRUE Y 7K -5 [ B i 30 52 TR ARG,
{EFE R A IR 9 R FR 1 RB Ll i g A RN
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Figure 1 Schematic diagram of the core relationship between ctDNA and retinoblastoma

2 ctDNA B 7%

CtDNA. )6 000 2 Y A 5 A 152 A I FH Ay O gk 2R
7, BT ctDNA FEARW Th i & i fit, HAZIE®
Y BT 25 DNA (cell-free DNA, cfDNA) T4,
o e e % BEURE RN R R S B R v . BT, H
TR tDNA 19 7 i 2 45 R 6 Bl 65 =
(polymerase chain reaction, PCR) fHCH AR | T —At
WS (next-generation sequencing, NGS) £ R %,

2.1 PCRAXEHEA

PCR F AR JE R MAX IR 8 7 3%, A
17 A4 £ AR N 52 B 2¢ % %€ i PCR (quantitative real-
time PCR, qPCR), #{+ PCR (digital PCR, dPCR) %
28 H T ctDNA A . qPCR 47 A 38 i 45 I

PCR 1 2 HP 2 Y {5 5 R Bk a2 2 H A% DNA 1
T, HAERERME ., PRy, (HHRGE
AT RAR ke L E AT TR I 60 B e A
A2 APCR F AR WAL AT BR 5 /0 Bl 21K R
/NN R IT AR EAT PCR A4, 3l T HERH 1 S
BATT B R SE B A X i, MR RENS HA
T Y U RS O B R RS AR AR &
0.01% MR, 1 FH T «tDNA Gt
Huj, 76 RBIFsEH, dPCR E#H T4 RB1 %t
PR 5 745 2 e 4 Sk s S 9

2.2 NGSHEA

NGS £ R e 4% [F] i) %) K & DNA F Btk 47
FP, AramkG SRR s g sRAs . B IR S 4G
P AR S A AL AR S, & H AT ctDNA AN Hp i FH i
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Iz WK . ARYEI S AR TR, H T NGS £
ARG h A BE R (whole-genome sequencing,
WGS), 2/ F41)JF (whole-exome sequencing,
WES) FIH#EL [ 7 . WGS FE 08 46 I #> FE K 2H 1Y
WAEAR S, RME R E S 2N, A embE,
AEME A R P A &, B R, iR 4
WES == B 56 R 21w R A1 3 X3k, ] G 2
T IX B SEAS , BAS AR A 5 A e 000 2 A X A
S B 3 DR i 3 R DX St A 0 ), 00 R N R A
FERE, AR AR B IS ARSI 20 A R A O
RN AR U AR RB#FSTH, IR TR
M RB1 % Y 1) %8 48 Al SCNAs % 21 WGS Al
WES F4 45 0 D 5 22 1l FH 2% 308 1) Jiek g A G 35t 4%
AR SRS AL R R CtDNA KGN ) R AR
i AT R ] — B AL BT 08 B 4R otDNA, il
FHEE T REBR (A R B U7 5 . R I g 4 S
AR T tDNA B AHES ©B10

23 BISMEESHRENL

ctDNA 61 (14) 52 450 A0 m] o0 48 M v B AROfS T
b AS i, EAEFEACRSE . AbFE . fEf% AT DNA
PEWOTT vk BN, IMRREA SR B R (N2
TR DY 2R A T D A B LA 57 40 i 2R i R i
A4 DNA, Streck %45 cfDNA {4945 1] i KARAF
B IE]) o 50 3 AT [] (M O 2 B 4 B % 53 3R A
4li fDNA) . f70iff I S Bf (8] 3 0] 52 fDNA 1)
SEREME R BE . P KA AR DN 5 kA A Il A
AN DNA V5 3%, SRAE J5 5 bl I IR AR A7 ol B 42
PEHC DNA ARG LR Y BT, Bz % —mhn
TERAE TR R S BUR R T 8] 45 SR X DL B b 3
R AT 10 R B AS Z —, AR S5 2 AR
AL FE . DNA $#EBGRF Skt . K& % 8 4%
HAFAEZESE, R T R 25 3 i — 2o fnmT 5
PR RS ST AR RB, B AN BRI
AR Z el dgm, BT fe, DA
7 ctDNA K 7E RB 297 H BIAn AL K

3 ctDNA 4R ) B% £ £ A 7 H B9 i R
Rz F

3.1 2EHNE
HAEI&T RB BIWFIEIA N, HHAS W) T4
EATTRCR AR B IRER B Em Y MY TR S

(A2 T 5 1 32 AR I TR AS 2 AR AR SR AR 1, 1%
G5 X T — SR MAL 5], 2 WERE R, I
ctDNA 1E A e R B4 o, wILLIH RB
PSR AN 715 B o

LIRS FW], 7F RB B HF 5K . I 5
W AT R I B tDNA, HHAE s R 5
fif g 20 20— 277 Berry 2% 3 4] RB SR 1Y
RER P /K BEASBEA AN, % L5 7K H () ofDNA 1]
N 2] 5 ed 2H 4UAR [R) B RB1 JE PR 28 28 FlT SCNA,
HHFZE e 7R B 7K Y ctDNA 7] /E N RB (AR TE
K FEAS FH T2 1. Kothari 25 P 10 451 i 4 2 ]
RB B H MK AR ST 00T, MIIFE M2 fDNA
s N E RB1 JER 2848, b 9 5l 8 AR VR T T
KA W L 3% FEAS o MR I B 2R AR, B M K
ctDNA AT T RB (2. ek, WFoid &k 8
CtDNA [0 72 8 5 s £ far A OG, Fifodgd £ fir
ML, CtDNA AR 2 1Y

BRULZ Ah, 7E—Se4pRfE O T, LAy
XU RB 8 22 5 1 RB, 7] DA X i 288 ¢ 5 ik 47
CtDNA #:i0, #5 B A B2 W 0844 %30 . Wong
ATk 1 5B RB B A XUIR B K R AR k47
ctDNA 431, &3 SR B A AN [F ) RB1 A
AR YL O ARAR S AR ST 32 78 XU RB AT RE EL
B ST REBAL R IR, IR IRIZ B AR T PR AL T
B

3.2 WEiTEE

TEENEN R b, SR T HERR B T TPAs X T il
ENRIBIRIT T E . s R E TR HA EEN
IR 2 P B, 4F% RBIBUS R ML, £
MR g i o3 10 L RAR S B A5 I R FR At A T 9TAG
R BEFE A X LA 2 e Ji g 1) 43 —F REAE R AR P22 4 T
9, ctDNA #5447 g i 0 15 8, A E R HT
I ERA T AVt /R

RB1 M 2848 & RB kA B s F, £
IF 5T F2 0 RB1 3 [H 2 48 (R 28 BU AR 5 RB B 1
Je A2 P2P Francis 25"t 5 4] Bl RB Y
MAEREARVEATAGI, &P T RB1 78 {78 5 2547
FE [ 451 % (variant allele frequency, VAF) 5 Jif J& 119
TEE A IEA G R, VAF B, s is e,
a2, I HAELEIRITE, VAF KFE TR,
FORVEIFA R Xu 25 P 53 %) B K otDNA 14>
Mrz B, RBI1H:F 2481 SCNA IFF1E S RB A
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RS ZIEFC, JEHIRR AR 6p Bl g5, Sk
T8 1) 4 22 1 FITHR BR A PR R G AH ¢ o B TR
RB1 J& A R A5 Z 4, ctDNA ) I 983 43 5% (tumor
fraction, TFx) t1 A A2 B B 5 545, TEx
JETE fDNA R JE T 8 41 L ) DNA JIr o 4 bt
1, & AT DL B iR Y e A TS AR, ST SR,
J57KH ctDNA 1) TFx 7KF-5 RB & BIRYT SOV AH
%, TEx KB, VAR, e,
S EALE RBIGYF B R B, TFx /K1Y T e
TNVEIT AR, I HA S TEx K T il BE HR
e 58wk RO

3.3 BT R A

TE RB (YRI7  fE b, R W I y6 7 2 g 5
PRRYAIT 7 X THEERITROCR . A B
BREE, LG IIRYT RN VI T FEAA IR
IR A MU AR 2R A, (R S 5 i AR A A g o
I AR AL E A B R WA YT ROR AR AE— Wi
JatE . ctDNA BEHESERT f Wb i o F 284k, 7]
YE R i6YT BN W I A SRR FE A o

ZIFHTIE R, ctDNA B 7K F 35t 15 75 S
KRBT LB SR ESNSA, 5IHIT RN %
VIR, EIMBEEIGIT M T, Bk ctDNA 1
AN TFx K28 N R, TEIRIT AR B
Je kA B MR A K, tDNA B KRR
THE, XFERBAIH tDNA 7] T W RB A4
I7 RN AN &S

TE RB [IAYT 1, ctDNA 8 0] F F MG I7
it 24 o e i B VR YT e AR R AT R s R AR R Y
FER AT, PR 25 A, X e AR A] A i
CtDNA Hil g R4 &2 BLCS S PR, i i %
cfDNA 43 H T A5 I 281 o968 240 e A 3697 2o A v
AT ) L R R AR, X BB 58 AR 53R Y7 1 245 4H OC
N KRR YT O SR T R PR

34 FHIZHE

W L A TS R L, RB B —E 55
e, 29 40% 1 RB B MLt RB, B S 4
Jfl RB1 FE N RAEG R, X8R 5 10H 50% (1)
MR B0 R, X s JLEE e R
Al DL & B RB st g KU, I BX PR A
BHAREE L,

MY FAEG W = a2 W 5 vk, K 28

Y B EURESF HA —E R TE, ATRE B |
BN S IR RORE , WRARTE R EOR 1Y & 'l RB
PR WHR UL T AR R AT L™, BF5e &
B, FIAHZ2EIMYE A DNA #EAT = /Ii2 K,
o BRI X 52 0 <SR DNA” Bi08 & (1 RB1 K]
2R, cfDNA 7E RB (7= 2 Wrh HoA B T .
BT 7 0 KA I 170 JF (amplicon-based
massively parallel sequencing, MPS) K, 7 DAX} 242
I Y fDNA SEATAGI,  LAPUHIAC IR A&
() RB1 R 278, I FP R4 A I EETE Im RIRER
RIS TR AR YE S 2k, GBS N RB
F 7= i XU PP AR T T A7 A A e 4

4 AEMEE D ctDNA B3R

TE RB IBTFE AR, Bk ML, IR A5 1
BT otDNA BRI, AR H ) tDNA
HATANTR] B S5 A0 (L

4.1 FE/KHH] ctDNA

P KA T IR BR T B 9 A4, 55 40 D
FEH i, RB MR A0 MBS ctDNA A 32 A
K, HEK Y tDNA Fri st e, a2

25 ofDNA BTN, T RB WA 5 o BEAE
FEASK IR

J5 7K W B ctDNA fE W% ME R S B RB 8 A
THFHE, Berry 255t 20 5] RB H 2 1) B3 7K 1ML
FEAR AT L #r, R K Y ctDNA FEK I
Yoo (R AR S0 B AR T MV, A HX K
ATASIU 2] 11/20 A g AH G YL AR AR 4k, T
MR REAS T RIS . Kim 25> 38 35 % 68 1] RB
BH 5K ctDNA 43 4 SCNA 43 # &3, Y
oAk 6p (A3 25 55 bR (R A2 28 M RIS R TS ARG
HE—EUESE T K ctDNA 1E RB BF5E A

WG FARFEARM KR, Bk RE BB
AWEAL, FH O FE Rl IR T —Fh e 21 5 KR 4R
Jrids, ARG R 0.1~0.15 mL K, K
S PR S I A E ™, Kim 25 P — 2 itk
TRAETTH, M FH 32G 1Skl iz 7 B A 1 2 ) 3
WpK, & T REMZEEMETH (& 2).
XTI ST, AT LA K ctDNA (RIS Al
PR A T AR, Jsi b ERHR PR 2 i 5 /e ) 48240 o



422

HRFF2#47, 2026, 41(5)  journal.gzzoc.org.cn

Aqueous
humor

Tumor-derived
cell-free DNA

2 BKERK

Figure 2 Aqueous humor biopsy

B 7K FR A AE I K VR B9 ofDNA . 38 3 32G 413k R4 7 5
) FA R AIA, ATICHEZ 100 WL Bk ™

Tumor-derived cfDNA exists in aqueous humor. Approximately
100 pL of aqueous humor can be collected via a simple corneal
paracentesis using a 32-gauge needle**.

4.2 MEHHE tDNA

FENG R S, 0 FBE IR 2 T K R,
A H LR AR I . VR REAS 7 F 3R E, H
AR, WA R R E R B RE AR R
BRI P otDNA 1 7 & A X AL, 2 1B
cfDNA T4 K, (BREE R AR W2, 1
& ctDNA 7E RB H (1 3 FHARZ 752 3106

Kothari 25 P #F 58 6, 78 1 101 2400 RB A
F % R AT RS I F) RB1 BRI R4S, HR AR Y
VAF 5 s LB KB A G, VAF #E, FEFEK
K64 K . Francis 2 "%t 5 5 240 RB B 13
FEAFEATHM , & 3 RB1 2872 1Y VAF TESI Ik N1k

ISP B N RE, SRR I tDNA AT T il RB
BT N

SR AN KA EE , I ctDNA 7£ RB [
M RAE AR Berry U KRB, DKy
CtDNA TEAG U Jofrg A+ OC G €2 {4 A% A6 77 1T B S A T
MW, X AT RERZ T I T Y tDNA 2858 4 5 1F
W BEFEBREEZRE 52 m, 80 T MK tDNA
M, IL, I tDNA 1E RB AR, #f
AE T e sl R v RB B i, xR
RB it A —E Jm FRYE

4.3 EREFH tDNA
i B T e 0 Rl X A 28 R ST A, RB
YR PTARAC AR 2 2245, R ctDNA 2 i B

i, DRI R TP Y tDNA BT T W RB )
A2 R

Laurent % “I%t FLA7 5 £ 76 B4 AF (19 AR 56 5%
£ RB A8 LY Il 45 98 R0 5 REAE A AT RN, A R
i B GD2 A B mRNA AL DA 4[] 5
£ (cone-rod homeobox, CRX) mRNA )ik 5/
FERAEOC, o 2 I W GD2 A AU mRNA
AL LB T ¥ v & . Demet %5 i i
XT R W RBY BRI 2848 (A I, U 2 B T 5%
FPE RB A H O B B W AL, PR BN B W
ctDNA 7] JF Wi RB () P X o 28 R G HEHS -

4.4 AREMEERIE tDNA # B IG RIiEHE

AR HY ctDNA K il 76 RB 1277 454 H
HERFR R, GIREREF LA B BRI EH A .
Jiged o310 . RIS S T AT
441 EK

BN RB 715 BAREU ki, H
ARG Fr Ry, EEIEN TR
RB WASTHIZIT . 208 . s PR FR YT RN
Wem, PRUOHAT M, AT AR s AR, 2SR
LR IG SIPEIR N 6 . 7™ o A s A 420
442 ik

Xl AR ORI R REAS, SEF
RB 94 S W, FenilE g i | H s
TRAEAT P AR 9] 0 7 R A L 52 & W R R
R A, HAE R HAE AR 2, 2R
SAEH
443 JEHR

R X2 R G B R S
A T2 8 512 CNS #8109 RB /%, h T
HARNEA IE A KUK, A% i e

FESEPRIE IR TAES, AR H8 BRI B & N
FAS R IR R bR A . B, A G5 oK R iR
PN TR AR TETTAT ,  TR) s ) R L e A 7 4 B Pk
WA IBE T . Ao, BEE AL RAIX AR 4K
T ctDNA B 12 BRI TR, HBE PR Nk 58 in
FEUEFA AL

5 ERERE

5.1 MIGREIPkE

i HATAEIESE, tDNA 7E RB H1 1) #ff
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