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Abstract

Lung cancer is the most common cancer globally, and in China, it is the malignant tumor with the
highest morbidity and mortality rate, causing a great burden to the society. Early stage lung cancer
has no obvious clinical symptoms and signs, and most of the lung cancer patients are already in
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advanced stage when they first visit the doctor with symptoms. The 5-year survival rate of ad-
vanced lung cancer is extremely low. Exploring effective early screening and diagnostic methods
for lung cancer is of great significance to improve the survival and prognosis of lung cancer pa-
tients. At present, low-dose CT examination is a common method for early diagnosis of lung cancer
in China, which has significantly improved the diagnosis rate of early lung cancer. Bronchoscopy,
as a common method for lung cancer diagnosis, also has high sensitivity and specificity. Liquid bi-
opsy is the most promising clinical alternative to tumor tissue biopsy due to its advantages of ob-
taining tissue specimens from patients through non-invasive methods and real-time monitoring of
tumor dynamic changes. This article reviews the progress of research related to early diagnostic
methods for lung cancer.
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1. 518

TEABRIGE P, M 00 LT 4R — B e WARRE (L] 7ER I, s D)= A 28 S BB T 28
$5¢ e PR e, AR A G h Ak 2022 4F, w0 i ToUA s T e B SR SR 2 106 FT, Tl
FEZE TN T RETA R 73 75, PR ACHE S5 08 38 A0 S A i o HR Gt i () 32 B R AT R WO, LR
5 5 M AT BB 2 24% BB T IR R [2]. BUA BE B, Bl 5 SRR AR BAK, 208 10%4 20%, H
AT A F () G B s R B AR AR AR 2R F) 10% [3]. I 22 0 W B IG RSEIR S ARAE, M B 1012
HIHE 15% [4], HAERER BRI, FARYIBREEH K RAFHITUGE o SO0E S B2 W i xof B A1 s S5
TR BGEAAF UG R 2 BT A SR A B . AR T EFERGFRE . RE
BT SRS TE P 0 e 57 J002 W 7 2 Ok T

2. RIBFERE
2.1. BER X B} & (Chest X-Ray Screening, CXR)

20 40 70 ££4X,  Frost JK Z£[SIEFREHLXT B SLEG s CXR SR AR EL S, L 15 e 1
CWiR KGR FRER, BF SER R, CXR TR 5 Al A 0 E[6] [7]. CXR — U5t
K#1790.02 mSv, EAJTEEEN R, HBRAZEEES. SHREAEE, ARG
HEFH BR8], CXR JL-FANFRE M Tl 5 i &

2.2. {&5EERHE CT (Low-Dose Computed Tomography, LDCT)

CT P2 I AR 2 filses 5 3 FH G 2 578, MHELT CXR AR AR T/ 5] 7 1 10 A1) 45 M AN 2 ELAH
B, BURHEA RN 913 JEE CT — 4R K478 6~10 mSv, T CT 4@ 71 &z it CXR,
ST SR 1) LR e 12 B 23 442 v PR 3R e 5 2 1) v i S R R TR U AN P47, DRIt — B PR T LDCT T
B H A, LDCT —E& 5 KA 0.61~1.50 mSv, NI@EMIHS CT f#&5 & 1 1/4 E4 1/10, KK
K TS R 5. W ioR, SMEM CRXATIHE A AHLL, f4H LDCT 470 25 (1 il 28 2 A0 T2 FRAR T
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25 20%, HIET-RBEILT 6.7% [9]. AIHA LR, # 50 £ 75 % X I8 1) 8 FH 45452 LDCT i fx,
7 5 S 5 ST e R ) R SR TR B G 2 AERY 0.5%~5.5% [10]. ##¢T CRX, LDCT &5
G AT B B MR 12 R, N Ok T ke, BRI PHE R . ST, fE A R EE S SR PR
TEAT B IR 5 R PR P 2 5 B 3, (H H BT LDCT 4752 I S 07 25 e 0 5 i 1 e A 7 9

2.3. EBTFAEIHEBF/X it ENEB R &L (Positron Emission Tomography/Computed
Tomography, PET/CT) & IEEB8F 4 STH R B {5 /F4 3w & & {X (Positron Emission
Tomography/Magnetic Resonance, PET/MR)

PET/CT X PET/MR 5 PET 5 CT 8t MR 25 &, KM IEHW TR EAEARERR, i kk s ar ot iy
TRERSRI, — R MRS 2 SRR Z EE, R er e RS 2 5A%E, BARE.
Wi 5 MOE ARSI . 2T o PET/MRI AL PET/CT X} il TNM B BESEAS 2 i RE )1
BEZEF[1L]. sk, WG E R A, ARG, AR IERHLURN . BT
B, WATRER RS SOE M. B PET/CT R, —K4&ST K% 20~30 mSv, A4 LDCT % 4 &=
20~30 1%, ZIA A HABMEMERE . AR . BHRE KNS S, XD TR R

2.4. WEIEHRAR IR (Magnetic Resonance Imaging, MRI)

LDCT /37 FE48 5 B e, WA T RT3 AT P T e 2 2 55 1) MR A Dy B 303 e A6 25 75 VR IR BIT 7E
Sommer G 5 NFIBFFE[121UEH], i T LA B LUE ], MRI SRRSO R RS T 8k, H
HARFHPEZR L LDCT %, A AT Re SO -5 M (A o & 7. A HE e R, MRI X BB
8 (0 45747 ELAT SR ABLEL 55 5 ey A AU [13] o LD BT ST AT 3 R R P D B PR L, 7 o 22 B R A
OB E— D UE IS MRISEF T S0 A6 22 ) s IV

3. XSERRE
31 BFXSER

ARSI B 77, HoR S5 A I HE S « RIS, DA R 8 S8 e i Ak 24 4R 2 (transbronchial
lung biopsy, TBLB)%% /5% LASR S 4 il A AL 222 ARRiZ W . s TSRS F Tie Wb e B i, FLxd
JE 254 fiige (A2 WA (A BR

3.2. BAMRAEZSEE (Autofluorescence Bronchoscopy, AFB)

TEPK Y 380 22 440 GPKHDGLEUR T, AL H R WG, Xl AFB I TAEERR, Lam S &5
NP SIS [1ATE B BR300 S AU AR 2 Wi w48 A0 LIRS AE s A8 77 T A {35 . Escarguel B 4%
NBIWF 150 47.8% ) S K M 258 e 58, 7T6%AIFEA KR I 2R 2 54 . Moghissi K 28 N 1145151
PE[16]E 7R, 24 AFB -1 5 A48 A Fn JE A A0 VR A AT e AR, L R B EU 3 % S0 AU B 25%~47%
(¥ 33%), HFFE L WLB K 7%~18% (T3 11%). B AR ILNHS W L3 b do 7Y i B A 03, (H 2]
FERIFLTCAG B A0 S S8 M LT BS54, AFB Xt & il 284 il 1 2 WA A PR
33. BEXSER

YRENBE G S T4 A4 500 (Endobronchial ultrasound-guided transbronchial needle aspira-
tion, EBUS-TBNA)& —FECHTI A, & favrxd S8 B B BT A 1 P9 bk 2 45 EAT I B HORE . A iF e
B, % T AR A 0 2 o v B2 5 2 RS I U ME A 90% [17]. 7E Navani 25 A (¥ B HL T 8 256 Fh 18],
EBUS-TBNA BURE N 92%. FMETINE v 90%. 2 Wiiknfi = A 95%. 7F EBUS-TBNA S5{£452 Wil
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SRR R L, BTG YT e PR TR, PR B IR A B PET HHEIXELRT 1
4 5 )8 A 0 T B TR B B R R 2, i HL ORI AT RS RNy I i R N BCE £ (18],
EBUS-TBNA 1 LI 45% K B F 24t S % 2 Wi o AE S, D iE T i RiI[18].

3.4. B SEH(Navigation Bronchoscopy, NB)

BE A SIS WL A I G, R I 0 J0 B /N A P A 3 R i [ 19] S IOLT, ERha kk
AR T $E TBLB. £ Bz il 28 v ko BT AR VE A LB AR 2 1 . TBLB B s 2 il il it RARAAAE ISR
TS AN A A AN G, B At . (EIEIR, A2 W SR T R i o A R
TERY, BUE SR, AU RIS TR )Y 53.7%, il K EURPELE 60%~74% [8][20]; AHELZ T,
FARIER IS W R 100%, 28 028 5 12 Wi 208 86%~97% [20] [21], B T3 E SN A,
e, foEFHE—PIRESCE R ERSEE.

3.4.1. ERZSEHRSM(Virtual Bronchoscopy Navigation, VBN)

RESCAE B R NT(VBN) & — B e A LR B % T 51 73 UE B 7. Bl s, VBN
B 2H(67.1%)53E VBN 4 Bh4H.(59.9%) 2 (R [ Bm i W R L B 22 5, HAEH 0 kE, VBN Hil)
XA EREAR . BTG X O B A IR AR R T4 =5y 2 — i R 12 W26 B 2 5 T 4E VBN 4l
By . Hrpr, VBN H#iEIZH 59F VBN S ANT4A B AR 2 370 7 81.3%. 53.2% [22].

3.4.2. BESIMXSEH(Electromagnetic Navigation Bronchoscopy, ENB)

ENB 2 — i@l BG5S 77k, iR A g T ik sloe 73697 . Folch E E 58 NI FT[23]%L
P RN, ENB RHGPEMR BB . RE e BRI TR R S P FOIAE 43 0 69%. 100%. 100%
A1 56%. AHLL @R SCTE SR E, HO SR ATER —FRPEATIER . SREHZH T 07, H
B 73 3 BEARERGLRIARIC BLT (VR YT o [ERERY, A FAT AR T8 B it 2 v s SEAIR ) I AChE XU, Folch
E E S5 NHI DB FE[24138 5 F 4.7%M 2.7% 32 18 tH I UM SRR I, 730 0 3.2%A01 1.7%F)
BH TETEERRIT . BRI ZPFH SR ENB SWREMK, (U 61.9%~70.7%, X fFR (1 f
AN 62.6% [24].

3.4.3. R RB BT EH EAKERIKI%EF (Cone-Beam CT, CBCT) & ST S EH(CBCT-NB)

CBCT {4 i [l 5 i 2 gt (1) X SFF R IR BT THAR, AT X St 8dls, A& 1&%: CT fEH
M “UI R, ARG R A R SRR . SO B T A BRI AR s W R AN, HETE AT
LT E 4 (CBCT) Al LA SRUE SE R AT SO B SR HEmG I, A 24 &2 % . Casal R F (1A
FL[25] 5, Haliff] CT 515 F SRS K58 50%, B0 CBCT Ja SHKIREE] T 75%, ZHiRit
5] 70%. Kawakita N 25 A\ 5t 8085 [26] 87~ , CBCT fESKIZWI R )51, CBCT 51 541(72.9%) 1 T
CT 51 341(47.9%), [ CBCT 5| SN MR LW R 858 &, Hep CT 3| 4181 CBCT 3 341
I3 518 61.1% (22/36) A1 88.2% (30/34).

3.4.4. 18 ANHBI XS EH(Robotic-Assisted Navigation Bronchoscopy, RANB)

RANB KAl as N1 8 5 BESE T M ERMHES &, WL IE I ~OE 28 HARgiTr. Hlas
AT DA i) S O HERE , I AE 38 Tl 1) B A7~ T B e T RS 4R )€ 1m # 30. HLEs NBHBI S 3 T IS
SEHEAEBAIES T 222 s LR /IS IS it 45 75 BURE RE A7 a2, #0d x, RANB
XGRS AR 79.3%, XHBIERRE I HI308 88% [27]. RANB PR 24 S R A B4R &
PUMERSE LA N BN, IXBRE 7 w] A e 2 07 vk iR S Yo e
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BERYL, SHSCUERR MR ENTAR, BASCERNE . £S5 BTN, CBCT. HlaA
B AL M R SRS & )5, AR A B o0~ 1A A F R0, 0 B SO UE B
S m i iR, Hilm R A T TR R 5 KR VE WA S5 2 Ja N e A R A .

4. RFFER(Liquid Biopsy)

T HLE RGO PER, H BT 2 A SUEA AR MR, RS R C OB TR AT 17
e AAERIIAAE TG BOM T8 Seiy B, 7T $7 FiR R AR AT R B v o

4.1. FEEFBE4RBR(Circulating Tumor Cells, CTCs)

1869 4, WA ILHHL~-5X Thomas Ashworth ¥ {X{iiE | CTCs, ‘B4R MR A ESE R M2+
H R M T4 YR Ik 12 W R T AR EE NS L IR A A . /D R 4T R R R A, &5 b A
70 )i 1k, (epithelial mesenchymal transformation, EMT), M3 SRR s (2280, HY5aKL B Al 2
FEIMERERIRE ), SEOTALEERE . Bk, & CTC HE v At 512281k FRe3s InFl & A i [l js /b #H 52 [28] .
AHSEIEN, Xt CTCs (a7 T ReA Bh T LA s 1) RSO IR BB R 45T, it U5k CTCs
AT T TR AU 27t VR 158 1 51 R 3 v i S R [29] . ERSR CTCs 1A A LAME B RG I 7E AR KRR PR A1 T
TRAAE A B RS2 [30], (EBRGI 3 M4 CTCs & 4R B AR, 403k TR B AR R T 9k B 1
BAR, WRHEHE T CTCs Al & 2 [31]

4.2. {EIFHPJE DNA (Circulating Tumor DNA, ctDNA)

CIDNA 2 FH I T B SE i Jed 4 FRURE TR /IR, 2 G R R 400 B () R BRI [32] A W T a4
FORF F AL ctDNA X 73 B b e 263 A R AR 8, REUE N 79.5%, ¢ ¥y 85.2% [33]. 5t
KL, CtDNA 7K i I S5 R e AR A BAFI Tt J A= A7 TEH 40 T CtDNA 7K AR &3S - ctDNA = T2k 2k
PORTUG AN R [34]. TEMTRE B ctDNA fFa] DUR IR 948 . oA MR LR . SER 3
SRR . [RItE, ctDNA Z3 B 72 5L 2 W AN i s O T B A B m A B [35]

4.3. 9hira(Exosomes)

ANIBAART VZ AT TR R SCRE IRESR . SRR, TS5 MR R A2 R v i i
AR BRI R ik, 25T . AT SR I L A MR KT (T
2.85 mg/mL) =T X REZH (P34 0.77 mg/mL) [36], $e/nAMRARTT B8 BA 2 Wil 198 /1. ANBARIE N —Fh
IR BT SRR S W A AR ic ), TERSRE A TS R b 2 52 000k, H LG PR R PRt 52 B SNk 1) =F 5 12
B A B AR AN AL R S R R M [37] 0 (RIS N7 T2 A (R A AR 2 B8 . S8 8 AT BT bR e T &6, B R
ANIAA ST BT (R EE BV AN T SEME, SRS AMAAA T I PR SI B8 Hh et Jeg e AS I PR 785 77 554k o

4.4. (N PERZES (microRNA, miRNA)

mMIRNA & —Fip . JE9miS RNA, HIEw@ES g E . %, maE4um. RumETE
JirgRg A A e A o R A S AR P T SR A TR SS9 . Zhao Z 48 AT 5 [38]5E B AE SCLC 4l Al A SCLC
i ZH 237, miRNA-25-3p ¥Jid %A . H510A 4ifH miR-25 1 i k& FRAR T a4 K. 122808
JIRIXEEARIMN 257 . Cui R % ATESEER - [39] K B microRNA-224 7£ NSCLC HZ 1 i35 L, el &
FEVIFER I NSCLC # 2 H . miR-224 338 hnid ik B B4 [m) g 4 X+ TNFa #5585 5 1 (TNFa-induced
protein 1, TNFAIP1)#1 SMAD %5 H 4 (drosophila mothers against decapentaplegic protein 4, SMAD4) K {ig 3k
YHHRIL RS « 1R Z2 A5 . Edmonds MD 25 A 5256 [40]5E B miR-31 45 ili b e 4n A=+, BE Ja T I »
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B KRN . LA SERGIE ] 2l miRNA F 5 8 BB H0] 3 Bh s i2 il . (E2 AN A miRNA Z A1 E 4
— IR % U i Kbn s H R DL ELIRAE I PR B BOs Y . SRS I e LR S A R SRR B e 1
MIRNA {EFR S IF e — il 46 7 bttt , AR T2 — 22 STl miRNA {E 9l b SR IR R 1S 2132

4.5. BhiEE S /MR (Tumor-Educated Platelets, TEPS)

TESREREAFAE ], 0/ NAR 256 B B 1 ey e g A L DA B o N L P 4 P A Sl o if /S et
I bR Hi2 A1 22 PR 0 2 A I DR (n iU P R AR TR P45, S X S I P 3R IE, AligE—ANE R
M H AR FREE[41]. DRI, /N IR O S K — DN AR R 4y, FR R AR 2 — AN
5T - TEPS & —Fp IoRg 40 i, ‘e b A O¢ o TR B /MR L, I 208 RNA FI8 A5 Sk TEPS,
TEPS 5 1 £ Fhsic A b s i ik B F gk & [42]. Ferdinando P 7£ Kras BX#f () fit i it 4% /N RS AL i [43] %
W, SEEAR S SR PRA R T B R B BRI AE R BN T i R R R AR SR I TR
AR R AE . Xing S SEER[44] K, NSCLC B I/ ITGA2B /K& 2 m T FrA X B4, wLh
NN TEP ITGA2B A& —FRE A& AR EX, AT | ] NSCLC FE3 IR 1) 5 [X 43 M il 5 5 0 142 il
4575, TEPs A RARRAMERIAR LG T B, W eI 28 1 R AE ARSI o

5. B4

TRAEMRAATE . SCUVE B AC M AE R, T 5 A AR R H L, B AT VR 2 IR
Hii sl an | SGRREwEsT i BItERm. &S SESH, B&%R, =52
e b 4 S5 T AN BE A RCE BN (K 712 i . b, AT R R I AR R i 2 W B . AR RS AR H
HITHE LAGE— il 26 07 i R 2 Wibs e, (HE B BIVE R SERH PR L A BRI 7). 3 — 2B R RSBt 7 14
PR Tk, 2 SEBL AT T FE B I R AR R i 2 — o F AT IR 5 2k — Pkt SRR
TECE 2 s S P B e RO RS2 W vk, AR ST, S i A8 i A A7 s

&5k
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