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Research progress on early diagnosis of head and neck squamous cell carcinoma based

on cfDNA multi-omics models
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[Abstract] Head and neck squamous cell carcinomas (HNSCC) rank as the sixth most common cancer globally, with early diagnosis
challenging due to subtle symptoms and the absence of specific biomarkers. With the development of liquid biopsy technology,
circulating free DNA (¢fDNA) , as its core test object, has the advantages of non-invasive, dynamic monitoring and reflecting tumor
characteristics, and shows promising applications in early screening, prognostic assessment and efficacy monitoring of HNSCC.
However, existing single-omics studies are still limited by low sensitivity and tumor heterogeneity. Multi-omics integration strategies
combining genomic, transcriptomic, epigenomic, and proteomic information can significantly enhance diagnostic accuracy and reveal
disease molecular mechanisms. In recent years, as deep learning and machine learning technologies have been widely applied to
analyze multi-omics data of ¢fDNA, promoting relevant marker screening and model construction. Existing research indicates that multi-
omics models based on ¢fDNA hold promise for improving early diagnosis of HNSCC and offer new directions for precision medicine
development.
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Sk 2905 5% IR 41 2 %8 (head and neck squamous
cell carcinomas, HNSCC) J2& Sk 20 30 55 &5 UL 1) 5% P
T2 o AR TV A, B4 HNSCC ) R N 5K
HEE 89 77, HARAFR AR S ETHY . HNSCC i
T 555 CURS L SRR IR |0 A R A b R A
J0, FEIREAE MR b Bz 2 0 38 A — e B G A — R A7
Jer — IRV Ve R E R Y . HNSCC 1 32 22 el A
FALFEHA G« A FL k98 9% B (human papilloma
virus, HPV) &Y% . HNSCC #1112 W i 6 2 )5 i
BFEMIZ 2 A G R A R ES, BT
HNSCC F AT 5 IRE R B B AR = 15 7 1% 1) Ry A,
AL W+ 4 R M. HNSCC 2 2508 i J5 & B 988 1/
BRI i R R R A 12 (R R A SUE R BAR A H
1R 28 1%  URE i 22 R I 725 S I ) 28 M 0 55 AN T 3 4
RIBRIE . F 12 IR 4 o HNSCC [ L7 F AR
B, AR, E T R = R S R AN R B O A
%, V22 IR AR e AE B R BT A 21278 , JT & HN-
SCC -3 A A2 H Al i — T 2R 75 PR

AR TE S (liquid biopsy) B AR LA & AR APE.
e A E R AR E L E S R SR AN B 3 St 1 A
DEFAE T8 1 53912 Wi L - 450HH 5C AR AR 3B 0 R0 il
Ja VEAG S5 T TH A A B E LA 15 IR B DNA
(cell-free DNA, cf DNA) &4 A4 40 5 A9 2 (15 DNA
Jr B T AR AE T4 I i sl PR e LA 2H
S AL R AP T IR FEER = Bl 73 WA I RN AE R
cfDNA H A7 AE —Fh ke (5 i 83 4 e F) 9 12 IR A R 2
Bl B T G 4 988 DNA Ccirculating tumor DNA,
ctDNA), He Sz il 17 Ji g £ 25 R 40 Ao iE A 2 25 75 A2
AR RYF, ATARZ BRI RS0 . tDNA BAEZ
S A )i A 00 o 45 2 2T, T 2020 4F 5 KRS 3%
] i R 245 it B R AL A, i IR A T A
™, 15 HNSCC ) R BRI B R TR TT A T g .

H 5 ¥ 2 M ofDNA B 20 22 43 87 7 1L 1
WFE R RS0 IEAEBEAT o B A 22 0 M7 U7 70 AR
8 FE A RE BN B B B AE — € SERE, (H
H T H R WFIE 7 ofDNA H [ — KRS B, DR 2
7 AR ) Gn A I R R AN A2 52 MR S o
SO SR E TR A E R R R
A1) ) R, 3 6 i) 75 feh g 7 0142 T T 5 ) v LR
FEF AT . Fr DUA 5% of DNA IR 7T 1F B 4H
f] 2 4H 2 3R, XN 77 8 S of DNA R A8 L
Bl B B B RRE, B 200 T B Al R A A A
P A5 B DA e ks 00 1 SR P AR e R A
Jo A SRR BE T, M B AT R0 55 T I 8 - 0 RAS

HEYEIT -

PRI AR F A, TR B 2 2] E A 22 4 2 A
RUPHTHE S T H, EANFRAAAE REBUEA L 5
M 3% TP 25 1) /1) of DN A H 95 i, AT LA Bh i 7 27
S5 R AR 2R P RRAE 2% S 8 ) S 4 1 e B
AR EH S I AH OG5 5, DASEELE R 2 T .

EBEES AR TR IR 2 H %
P50 BT B HNSCC of DNA VA4 VA LA I AR LAY, Sy
HNSCC [ 51712 W FURS 176 7 32 63T 1 R 2= 4K s
FNEEA AR, BRI HE =67 10 B Th 2 R 2 2 1)
kR

1 cfDNA BEF 4% ThRE S HE R A

cfDNA 1% 5 i1 Mandel 11 Metais™ T 1948 £E7E IflL
TR ORI, BOR IR T A0 M AR F SR TS IR SR ER
F R FfAE Tk ol & I P A #7 PCR 4%
FEARMI K E 5 cfDNA 5 A S 0035 (1) 9L FH 328 7 34
%, FELE MR F 2 W R RORAL I TS PEAG
T3 RN B R R et 71
1.1 cfDNA & & 452 450
1.I.1 R B

cfDNA FEZ DI T AR, v B R 7
160~180 bp CHLRZ/MAD F11320~360 bp CRUAZ /IMAO !,
e 96 2H 25 K% 240 S B B TLIYD ctDNA U T 6 R 30 A B
KT P B . Mouliere 27T R 1 3T BER /N4
M7k, ILHNSCC 35 of DNA HHIK T 150 bp 1 F
B LU 2 25 38 0, 3X —4REAIE AT T X 40 g R 3 A
RN
112 REMHETR

— BRI, {8 BN AR 1) of DNA ¥ 5 38 A1
(BRI BE 251 R, dn e 0495 B 2% B R AL s 1)
T NG B, of DNA [ £ B 5t |m™ . Hi2
JiEg SR Y ct DNA G I (5 38 cfDNA & & (4R h—
053 WA 75 24 v e U A P R R
1.1.3 7 RAusFiE

cfDNA [ H B A AR RN SEARAREAE 7T DA e S Y
M, Il RUET MR ) fDNA, BRI ctDNA J8 5 2>
577 AH O RAZ L PR AVRE e 1k BB . F 2
FETP53.CDKN2APIK3CA.NOTCH1.FAT1Z:3£ A .
1.1.4 Bk F%

cfDNA TE ML 1 2 3 B A, — AN 7
16~150 mino X FhAHEE AL B 88 R S i 02 99
BN PR 0 FL B2 W A0 T 150 50 B g TR A 0 B
BhREME D,
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Table 1 Biological characteristics of cell-free DNA
Characteristic Description Significance
Fragmentation Predominantly exists as fragments of specific sizes. Shorter Fragment size pattern can differentiate

fragments increase in certain diseases

Variable concentration  Low baseline in health; significantly elevated in pathology

(e.g., cancer, trauma)
Tissue-specific marks
cell of origin
Rapid clearance

minutes to a few hours

Carries DNA methylation and genetic signatures of its

Rapidly cleared from blood, with a half-life ranging from

healthy and diseased states

Serves as a sensitive indicator of active
disease or tissue injury

Enables non-invasive identification of the
contributing tissue or disease type
Provides a real -time snapshot of disease

dynamics for monitoring

1.2 cfDNA #9405 2 ik

cfDNA AR 0 B RE PP PESE T 17 ), IE B &
ZMEY S TIRE
1.2.1  #mAaia) @ an

cfDNA 7] DA Z> 5 40 g [A) 8 i1, 3 22 DAl 390 B
AN TE AT o A IS FER W, e 4
FETL fDNA R LA 33 15 o B GO B AE S, A
TR B e ) AR K AL A
122 #EAE

cfDNA /& % % Z 48 vh i 1 B 7, 2l
993 J AH ¢ 73 1 L X (pathogen -associated molecular
pattern, PAMP) \F 5540553 T3 (damage-associated
molecular pattern, DAMP) 12 5 [ 5 G2 J 11X 3 Fif
k25,
123 Fi#EHEL

cfDNA #5417 1 40 j i) 4= Al B 0 R AL A5
AT LSS e JER A L e DT R AR | PP R A S5 R M g A% 2
SR dn sk B iR A IR ctDNA, bl aL
o PR A % B A S A SR AR FE R, BT T MR A S
FEDEH IS BT 03X Ak of DNA B R A 376 A 1Y) 2 22
A WbR B, TN R T R A RS W R T A
TG AL -
1.3 cfDNA #948 X A2 M K

cfDNA AR R AR 32 AL HEAE AR 4L 5 40 7
FEHL cfDNA L E &I FEA R . ofDNA [
AT AL HE MU R VR S o I H A A
FH RS IR AR S L, PR Dy I3 Hh ) of DNA VR FEE ARG
BORGE , H 32 4 1 2 X 41 DNA (genomic DNA,
gDNA) V5 Je R BE R/ o MILVRAE A SR B2 38 8 {3k )
Streck &, A E LI O, ISR 7~14 d,
WA B 1k gDNA 5 % [ of DNA ) H AT Bl . )5
ARG N P 38 o X 4002 7 ML P ) of DN, AT
RUEE G gDNA 11935 54 o f DNA H WL I3 U7 V5 45

Py - ST 10 R BRIE AR I A V0 o RSBV 2 H
A dR )2 A R IUT VSO T A% R 5 1R
R I RIS & SR WAE T2 07 I RO R A
BRE1OTo a2k vk U 2 ) G A SSORL I B <fDNA, I
T E AR B, 18 5B 0 Il R (H A
BoNmet e XWMITES AR . € R
TIEAFE R GG RNE VBRI OG EIE L SESO0
7€ 1 PCR (veal-time PCR, qPCR) . #{ % PCR %§. T
U 2 A 7 9% DU/, A 0 5 R R AR ) A 8 HE AR R
AF Z 4t PCR (amplification refractory mutation system
PCR, ARMS-PCR) .BEAMing(beads, emulsion, ampli-
fication, and magnetics) 1 /5 38 & | J¥* (next- genera-
tion sequencing, NGS) ; 7} HT ¢fDNA F B 40 17 10 (1) WF.
Tt B8 & 0 e A v - H R A6 R 7 £ PCR (methylation-
specific PCR, MSP) Az FU AL ¥ ; 43 B ofDNA 7 Bt
AT NGS PA KAt 55 #5 D1 H0A8 S 46 0 £ NGS B
Tl B 51 $2 AR (microarray technology) . B Hif & F #H%
WE LT & H R H TAPS (TET-assisted pyridine borane
sequencing) , Rl —Ff & A 0 A5 R & £ I 7 (1) TE 4
AL 73 Be g AE [R]— B v Or B 2k PR 2 A HE
B A A5 B, A8 W %7 PCR (droplet digital
PCR, ddPCRO I NGS £ AR Z) A5 Ml ofDNA . ££ 5 fr
S0 BN P o, 7 EEAR R AR TR SRORIE FE S G S
12, LA T ) H AR AR

2 cfDNA £ HNSCC B9 #F 32 B4k

cfDNA £ HNSCC B FF 78 Al PR o7 F = 4
T L2 W U5 YA A6 T I
2.1 FHAur

7E HNSCC FA7-BARY B, of DNA AW AT Ry —AS
AR AMER T H . £ HNSCC B 3 IfiL ) ofDNA i A]
Ao W00 28] ik 88 AH O 1 o S M SRR R R R A AR
Y. —IALE 2004 HNSCC B HF 7R Bow, 21
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cfDNA 1 TP53 5275 Fll CDKN2A H JE AL [ 16 A 4600,
LW REBUETE 78%, 1557 N 9291
22 WG

Z WURE 5 3 WA, ¥R 97 AT ofDNA 94 5 Rl 3 w1
ctDNA /K P41 4 55 HNSCC 3 1Tl J5 5 VI AH 5% .
I3 FF ofDNA V& 88 55, ofDNA H Y ctDNA 7K 3P
B BE BRI . Chen 251 M BT 5T R
18, fDNA>30 ng/mL [ 8 # 3 FAAE AN 25%, 1
<30 ng/mL 20N 65%. I HAHHKHEFTHRIE , fDNA
P R4 s i TR AR, 91 4 NOTCH 1 48 A7 A1 5
IR 4 A R A R i g 12 28 3 b O, T RRRR A
WG AR, AL, @il X ofDNA 4 7 J2 1 1 5
1, 7T LA 7R HNSCC £ 1943 T REAE , AT T30 £
H IR R R RS AN A AE I T, 345 45 1) TNM
53 BT CASRBE S N4 AL R 4R Ak 1 TS VEAG o
2.3 BN

cfDNA [ 3} & 72 4k v] PLJ it HNSCC 196 97
RO . FHRBE AR, ¥697 2 A J5 o DNA R E T
B >50% 1) B3, R MR 03w T N FEIR L/
() 8 (78% vs. 32%)™ o 5 A — 101 T 11l PR ik 56
IR, JE T of DNA W I %236 97 77 2 Al {F HNSCC &
H AT R AEAE A K 3.2 4 H P

DL _EAH ST 98 B AE HNSCC 5L HH2 I L 15 o7
ity B3 97 A I Hh e B H ORI g, (R L B 2 S A
A6 10 [ A BR 0 A B T N RSB AN 1) 22

RS,

3 HTF HNSCC REAZIHTBY ofDNA 2 A EESREY
5frEY

30 ZAFELNBERAIBCESE
ZHFRG, RIERREM G 2 M A 72
TR (P8, i i B A R R A L e s L B T A RIAR
U ZH 25 % 2 FE RO, @R AE R BT R A 4y
T CAFE 7 P98 (4 431 WL ™, 2 i 2 DR 2L s AR
HET R, ZHEEEHE = KZOEE.
HAME: 2R A B RS R R A R
B SRR AR S AL, o LR A
&SN FI RS, R T ARG E RS H
M o R 2 A e U TR A% AR S 4 R e R A
(R JE T, 48] T TPS3 AR 5 45 A Yl €0 ol i X 33
BUAH 2O A 307 H 2R CGRULAD 30U H oh Rt
FLIR . T 38 W0 ZH 27 38 i DNA FF 38 A0 R 20 28 1 18 1
WAL R R IA , RO T B R 1 B R R IR sk
A RE T 1 K AR AL, SRR 5 21 4 00 I ) 0

PERY S B2 A ) e 0T 2 () R R P, G 4
SIS A 5 08 -8 B T ML R AR MY C
DRt 2 208, i 1 ot 20 5 A AR D D g
1) 24 i 5% E , 491 G0 2 B2 AR K DR 52 44 (epidermal
growth factor receptor, EGFR) 58 48 7% 22 24 JH 75 4k
& M I (mitogen activated protein kinases, MAPK)
T B AR LR A i, AR I 7 A A AT HE IR R A
0B B AR

Ip R4 R 22 2H 5 0 W [ 48 20K SR B B 20 27
[P PR ], ZERRURRAE AR S I A R etk 3 AN T T S B
SRS TT . B BB B, XU T A
SR MEANAR DA I 5 A ) JR PR A . AR WT TR B,
H ctDNA L &1 & miRNA F1AH 56 8 5 b 6 4 %
o ALK LT EOE ARG H R BRI 2 9297 . FRLAH
B FE o 0 1) e e 7R - SO R P M R B
oW R . WEFEERN, il RS R A B E MR
{7 5 (expression quantitative trait loci, eQTL, %% 3%
4D AR & PR AT A (methylation quantitative
trait loci, meQTL, & W 2H ) A1 & (1 o 250 & PR IR AL 1
(protein quantitative trait loci, pQTL, & [ 51 2 ) %
. AT AR DR A R £ A 1 (single
nucleotide polymorphism, SNP) FJ 1R 51 5 FlRE 742
T ZHENESINS, MRS REM L, 52
A E R R A B BRI RGN 7.

Kt b R - I RS LA R R
JiR A 2 55 2 A 2 B, R LR, W] Bk
— BRI RGRIRIB AR R, JE R R 752
PEIERE AR SCRE - B R 5 SRS £ 2RISR AR
PSR I RPAE SR R, R A v A A
B AR 22 A 22 P R B B[R] — >l 491
un, “32 9 B ” (Pan-Cancer Atlas) T H #4733 Ff
T R DR 2 L R A B O 45 5 i R Bt S 1R
R T B A RS R IR A B . R RS
— T G 2 AN S ST R 1) T 5 SR AT 2 e
A A o3 B v W Ak B0 UV, R I O N AL AR SR A
Stacking HiE LI . H A7 &4 W 78 3 T Stacking
V25, R B A8 27 ST TR A H 17 00 o s 3 R 3000 128 g
B AL G075 B S R SR . B 2 s
T B I 2 A 2 AR R TR 45 SRR R v Ak
. X3MEMEAIE, HKEHES 2 H RS
FHHELE AP R R
32 HNSCC ¥ & X#AF IR ED

FE PRI 4 2% W] 7R HNSCC H 1R 56 R R AR L ey
PR B HEANPE T S 455 2 . TP53 X742/ HNSCC
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B, BRAZZS. 25T ofDNA 22 21 A8 R AT Sk 3050 otk 4t s L 10912 b () i
FUERELT]. P L E R 2 R CH AR B2 , 2026, 46(1):21-30 e 25 -

Hh i S LR DR 208 2 — , LA A B vy, 5
2 2B TG AN AP, thAh, 4 A0 ST 48
7~ PIK3CA . CDKN2A. NOTCH1 %5 3% [X] tH 5 HNSCC
MR R EZEDIM ", I H, ¥ T HNSCC 195
BEAHOCE, TEA2 9 AL W bs BN T 2 TR ER A
AT T8, Seiwert 2 [T 7T &7~ , HPV A TE S
FHAE (1) AR 5 AR AN [A] - B 1% & £ TP53. CDKN2A
MLL2.CUL3.NSD1.PIK3CA &5 #H 5% ) & [R 22 48 ; B
P 7E DDX3XFGFR2/3 H 2 7 A URF (1) 58748 . 17
Lechner 255 [ H7F 70 U1 2% BH SSTR2 #£ EB & 25 AH 5% 1)
HNSCC H S I H v A HLARR e R 3R T

eSO 2 TR 78 HNSCC H 3 R R IA F) S 5
A, FZEAHE mRNAJES IS RNA AN 7T . 49,
EGFR J& VI 2 % i WL SRS 2L, Hid Rk 5
ISR T 384 5 AR 2B AR T T 5 B A ORTY. JEgmi
RNA J51il, 3 FHEA TR, HPV E6/E7 JE K 3Rk &
HPV FH4E HNSCC [ 2 2 s £

FAAH 2 . £ B K HNSCC H DNA FHEAL 41
HEEM e B A OCGE . 7E HPV B 1%
HNSCC ™, p16 5 K 1) )5 3h 1 B AL BN E I, IF
LI R A 5 e 0 1) 25 (K] v AR O

HEE S F BRI HNSCC O ER H 3R
IEFTNRE T THI AR 4k . 7E HNSCC & R s it
Frh, S e kit & — > EE K E, 1M PD-L1 (1) 3R 58
IR — L=
3.3 HNSCC #8% ) ¢fDNA % 852 AR & 405 5

7E HNSCC [P AH KB FLH , of DNA I8 A& KR AiE Fl
FEW I8 AL R AE T DA S B HE R o AR e R T
FERI M 2 L S R 5 2 H B TE bR
W2 W F0IN 7 A 22 R FI0I 44: e 25 U7 1D P 3R 15
BERE. AT LA HEHIENES, (F fDNA
o R IB A (S R MEAE A5 B IRAF 78 40 1 4, Bl
REECIENFAR R T TZ R, B A A FE RS HE
WEMHE . FEYLARAR (random forest) « S FF = AL
(support vector machine, SVM) S5 AL 4% 5 2] HV% RE %
A B S AT 2 AR R N O . TR B
SIRRTY, K5 ) A H i 2 Cautoencoder) , M EIE T IF
SR B A, M B UM TR B B2 ) UR 2 IR, B
A R i TR 22 A 2 BEHR B v () v 4 R R 7S i)
B A W I 4% Gy T A R — P EE RS .
FIHZ T, ¥ 2 H 25 dE 5 f5, vl DU n 4 i
by PR AR 0 R AR R R IR 4 T AL DTG A 33T (1
o 25k DA | i R i R R 38 1A O, IR A R AR M A
Y, 2 2EE T A HNSCC B B S R

855 SE R AR VHPV R G KR A B AL 55 (5 2, 45 &
THUIUASE R A 1 PR AT T TR, s Ak T G B iR T I
TE R, 9T B e BSR4 IR T 5 SRR 4 T A
PR, I RENS R DUHTIG T DUBR BT
TR A B B A SR ) BE— 2B LA R 6
P A AN W7 ES0iE , ofDNA 22 2H 2% 43 T 19 11 PR 2

IMERSZE L S v o
4 ZAFREMAE BIEFNIE

4.1 ZAFARAMFRAL

ey 2 A A R TSR T — M HNSCC
(A S PEAR B AR B e bn o, 1 FE TR R4 L 3R
5 2 1 S A P TP R Y 0 R IR B VHPV R ZS
Pl R &5 JRy 2 VI SR B s (B R AE . FE SR |
R ) K S R AL LRI O,
P BEAT TRAL B, G148 0 R 45 Ko 1) s e A s 4%, HL
TR A B R BT 0% R 7. A B (¥ U7 VE 8
T NAN [FI0 7 2, DAE TR R A B
JERE TS A AE . R 1R 2 2 0 h SRS A
(R S B ARFAIE , 497 o s R 281 v ) 6 DR R AR A L SR
I DNA HEAE 70 7 AL 1) of DNA 7 BORFAE
o N TR HTIRAR, b o SR IR, AR
FH AR A 376 35 BAH 5% [ 4 AR, 4] e /) 268 X6 A U
S5 1% 3 B T (least absolute shrinkage and selection
operator, LASSO) [5] 5 | B AL A& Ak #2443 41 L e K
AH 9K B¢ 7N TU 4R (maximum relevance minimum redun-
dancy, mRMR) &5, F] T+ 126 f5e 5 [X 73 AN [F) 2597 B ¢
TEH G o B, MR 07 326 L 1) B0 R R e 15 45 T 11
BILES o7 )RR JiE 2 2] B0, B HLAR AR L SVMLL 6 52
& T+ #4 (gradient boosting decision trees, GBDT) .
22 M 2% (neural network ) %5, WA AT LA FH HE 244
PN A5 S R ZRAn LAY
42 X#gEHEFHER

T2 2 S R R R @ AR v, BILER o ST MR
P RENRAE P AR T EEAE N . VLRI
V277 181, BENLAR ARG 3 P T Ak 3 v 4 540 Al 2
PEIRREY . SVM BV Rl I d5e K [ o 8 1 T A S
R[] B £, AR/ DR A EUE Th RIS, F AT
VR T T 2 B0 90 52 A 28 ) AN ST 4 e .
P& TH WA AE LAl | 25035 (1) XGBoost M1 LightGBM
SR, TR AR B K FUAS A B ] A b R R R AT
FETFH S MR R 2 21 07 1, Fo B 1 E )R ALE
o R I MAL B AR S Ok R R T, BB K I Ao
Hh R S AR G R R SCEG, i T 2 A S Bl i b S
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Bt e, A8 & B B RAE R (synthetic
minority over-sampling technique, SMOTE) , 1] DAfif &
B AN S 0] R o S T b R R AN R M A
TV T e P I L, 9 W]l I R AR RN 3 B3
M7 (principal component analysis, PCA)RfE#

4.3 ARAIIER MR IS

BB AE A2 BIF 00 SO SRR Y, B Rk
E T A R BTSRRI R A ol I R
B BEAT B0 AIE , P DAVE Al FLAE 52 b B o 1 230,
HAfh R A F 45 10 B T PRI TS . AR B0 E
@ 10 $7 58 B IE (10-fold cross-validation)
B —7% (leave-one-out cross-validation, LOOCV) . H Bl
1% (bootstrap) 55 J7 1% , 75 1086 5 S AR B AL DL S A M A5
Rz AR 7177 T R A & B RIS 3 5.
T A B VP Al F8 A ) G0, 365 SRR A AR e M  BH P ot
{8 A M TR A 2 F1 70 B0 (F1 score) s 521035
T AEHFAE #h 28 R TH #7 Carea under curve, AUC) F1 PR
i 2 (O A Bl R R IDAE . AT DL A
PEfE 5 4% Gt ikl 7 SUBEAT FLBL, DARIN 2 4 2 4
TR,

44 REMWFLED]

A O MO8 TR R IHT L Z 0], vl RBLH 2
HEA R AN E . PA CancerSEEK A, H A&
T cfDNA 1) 532 75 & AR 19 )t 40 2 ) 58, ZE Al
SPEL B R BB S5 E A L e ) 5
B B e I H A v R RO M 9990 1) s 5 I HL AT
DAIE I B 4% 27 23 S50 ok T 8 i 1) 4 2k Y
T3 H R FE R ofDNA [ | B B2 L R i 58 /5
/A 308 P8 DL 533X 4 SRAN [F) 20 27 AR AIE, 1)
# Ay Lhis F T S R TS A ) AR
BT, HEANEH HT fDNA [ DELFICDNA evaluation
of fragments for early interception) 33 A Fl ichorCNA
Bk B ERBRURISE I AR T HNSCC #E 47 JT
K5 WCHAE HNSCC BIE 78 ff) i P A 1o A 45 BHE S,
AT 75 B EE XS HNSCC R R S BA 51 >R 56 TE A5 B 1) 3
FA PR R

5 lsRRRim SR BREFIAR KT

51 WRE R

T cfDNA Z4H AR FAHZ W ARLE HNSCC
IR R A 22 R 50 . £ HNSCC &
I3 10 v fE N R R, IR T A HPV J88 e 2 38 v 3
I fDNA G I S 4 42 5 998 RE & 2B R R A 5 o
cfDNA AL T — PR N R HEFE = (R 0 A 7 v

it 3o A I ik SR AR 0% 1 Bk TR SR AZ L DNAHY 2k A6 AN
cfDNA ] F BURFAE R AR L G108 o« % T IR L 1R
WA HPV YL, & IR ofDNA Hh RS 1% 70
PRE, TR IR BB AR AE S AT B A 0 3t
U0 A TR AE SR A% SR ANK, of DNA 7
DA S I 2 7 W 0, LA R I R, A B T A e
iE B BOdEAT TPl E I PRI2 18T J7 T, fDNA
R UL R0 B R AR S AN 52 (K09 191 24T i PR TR 3
FHRHRIE 7, 1) 1 F 7 R S T E S AL IR 2 2 AR
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