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Abstract

With advancements in imaging technology and the widespread use of low-resolution CT scans, cou-
pled with heightened public health awareness—particularly since the COVID-19 pandemic began in
2019—increasing numbers of pulmonary nodules have been detected through routine chest CT
scans during medical checkups or hospitalizations. While most pulmonary nodules are benign, the
absence of specific clinical symptoms in early-stage malignant cases has fueled public anxiety. Cur-
rently, distinguishing between benign and malignant pulmonary nodules primarily relies on imag-
ing-based histological analysis. The diagnostic challenges posed by early-stage malignancies result
in persistent clinical risks of missed diagnoses and misdiagnoses. Undiagnosed cases may lead pa-
tients to miss the critical window for surgical intervention, while over-treatment of benign nodules
has become a prevalent issue. These complexities have significantly pressured radiologists and cli-
nicians, making pulmonary nodule management a persistent clinical challenge. This review focuses
on the diagnosis and treatment strategies for early-stage benign and malignant pulmonary nodules.
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1. &

it A 1 A DL e R 2 —, AR T R R RAE M Bl 2 A BrEsietk, BEREEA T
HAL[1]e XT I-Ta HAE/NH Mt 1) 2296097 FBOSFARIGTT, AH 5 JoRE IR 001G RREIR S R B,
2 W LRI RAEAR IS, Grng I SRE R L WP R HE S, 28Ky A DAk TAMRE TR,
WRAEA B e 8eit, FIEME R 5 FEAFRMN 16.1% [2], XAEE & RO 1. 15 TA. IB ¥ NSCLC
BENRG 5 FAHEAFRS WM 83%F1 T1% [3]0 B LA T 5L HA M 0 14 25 15 RS R ) 2 B o0 ), X8
P& BE WG S A A AR

2. AT RIEX B 53

Jifi 25715 (pulmonary nodule, PN)Z 5 it N BAR/N T 85E T 3 em HISRETE AN TE ikt 248 5% 3R
RE RS, WIRREE KR, FE W AN k4], IS TR SR S AR LSt Rl
di EEAT 43R RS it 4515 (solid nodule, SN). VR & B X F5 45 17 (mixed ground glass nodule, mGGN) PA % &
P IS4 T (pure ground glass nodule, pGGN); o S 43 o LU AN [F) HOB P B2t 2 FH IR AS R,

B B v TR A B P AT, BEBERAE T IR, SRR ENE S AR 5] (6], DRI H 255 () 5k
PR RS> 7 PR Rt 2 1) 2+ B (1) o

2014 7 36 RO R AR I AMRHEE A DL it 8 4H B 26 [l T80R# Bé (American College of Radi-
ology, ACR) & {0 il 451552 i T LUNG-RADS 73 R I, X G A5RIMEE T 205 %, ERlE
PREE A PA K TS BHEE A I SE B da e o ARME 232 0 B ASESIN, FRBG it CT i 25 B b A — Ik R i
CTRudr; 1% BTk, & MEENRIEMET, BHEME <1%: 29 R, SEPESTT < 6mm,

ik
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JESEPELE AT <20 mm BERSEMEL T > 20 mm (H 3 AN A BL ETEB IR, BHEME <1%; 3 % RN
g, SEPESEY > 6 mm{H <8 mm BT AL EES <6 mm, JESEMELEYT > 20 mm BUETA, SEMEMER
1%~2%; 4A Z%: FI5E, SEPEZETT >6mm, FrRBUEKETTILIERS <4mm, fFAECUERA Bk
GRI, MR 5%~15%; 4B K. wI5E, SEVESETT > 15 mm UK 4T > 8 mm, SEMEMEE > 15%:;
4X: BABAMFER) 3 HEL 4 RN, ARSI 45 157].

3. &ETH—RERER

YRR 5> ROBIE I A5 DL 55 B O G, ST IEEARAE 55 B2 R, BEE SRR K BE
B FAE 1997 45, FE Mayo BRLE il 4515 AT B E T AERE R MR AT ST fE R R 2R
SRRSO, 45T S AT e PR 8]

F AR ST i 51 R BRST S B R BR X K SR R 1 R B AR RO ) £ 3 SR A 2
SEPREURE I o RO R R T RS R 20 AR 2 11 20 3%, AR AT FRAR AR U (9] RTIRA,
WRTE R > 400 SZEE” 1 “ LR, WARTEEL >400 C4E, ARUGRIERS A < 15 47 B ALE I E 5 1
S BEVE LS SR [10]0 SRTIWCHE H AN 2 ME— S0 R 3R, G IR AR 2 e 8 I A WO sk, A ot i
HHRR SR, AN A KA AR BB RN A R ARG IR A
SR B[ 10]

A e 500 s H— ok R A R R AT BT NG, X AT e S AL By e LIRS R . LA
HlEr A R 5. FLuufilife A ¢ 3 Al (0 EGFR. ALK, ROS1. RET)FJE 5 5848 (4% P 9848 ) &5 ] g iE
KA, BN S AT Fih e Y 2 K
4. ST REFEXER

S X T e O 2 v LB R b 2 1951 4, KNI AR ZA T T I — TR 75, EELR M
0 DA B G T S AR OGAGT 30 45 3, 9 T AR JCRER AT rp R R IR ¥ 248 2 — [ 1] BT DR 2%
BAR, FPBAESE T HELUR I, R IB0R: A B M AR CRpn) 2 S Rt e, DA A I R e B (e AR &
X HRAERE . BEVTI RN G Tt B R R PR, SECI AR AARNE, BIEGRA T, BT
BB ARMIBRS], HIGT FRIWARNZE, HEA S i EaE rm TS , (R0 1 5 e
i B AR .

BE AR ERR R R, 1E btthed 1971 455 E TA2)T Godfrey Hounsfield KB T 2 —& CT Hlis,
Hm R FER TR, MEERASGEEZEDH TIRE LS SR, RZIERMAMEE PN RS
FH I b G T S0 P T 445 05 P — SRR R () B AR S R AIE o i 25 5 TE R CT 5218 L TR I 25 WA
IRWHAE B M REAE S ISR RAE . SCAUE TR RAEAF[12] o AR SCEEWTFUAR I 13], FEMRFS CT 4547 1H,
TS ZS T 1B ORAR A CT E 3 T RYERRES 1Y, JEBBRIAE. e, BBEMIBAAE . B4R, SCRE R
AR AR AR 2 B R 38 v o IX 0] R IR KR 28 DR 3 00, FLHh R 28 1 FH R B X2 1R PR b SR AR AE AR Bk B I

1E CT AR AR FBA i BB AR R A S5 7, PRIl Re i oM . I, SR 26 FRg RR ik
HEEZEBIEAR . PET-CT BIF ALK R IESRE, FHasWiR B CT 2 Wi B m[14]. #AHK
BRIRIE, PET/CT Wil P &5 715 sl e RO W R . R . HERAE 2070008 97.92%. 93.7%- 96.8%
(1570 32 B0 PR Sl i Bk B, O 2490 2 - 18 i I 407 260 B (1 SF-FDG) J il o 52 1% 22 AR 3l
& GGN EHAAZERE T . MR SRR, A KHIEER, LA R, SUV EAH R A ik
mi[16]. PET-CT VEANLAIMR & 75, MIGIKIZIT 7 R EA T mENE S, AR —E R %
AR Z . AMAH —E MESE R BAMK T &b, &5 838 568 PET-CT Joth i B e g il s F
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ARG RERTER AR S, MO I P 75 B — 5 (R R A
5. P& TS R i mi

LR AN S TS S An i, IR A — E MR M 2 AR B R 2R, AN BT i 5
TS EAT A AR RN, 0TI PR e BB AR, e IR B TR IR R A DI ER R
LR TR AUESCE T T RS RS T

JEWE CT 515 N4 il J3EF AR [17] (percutaneous lung biopsy, PTLB)/E Ml R b fili4h 52 i W,
Wik —, FEEHTRIEMALEERMET, N TEDEEER. MR, OISR R
L JRURS: B HME P SRR A A G, Ht B — g R R, FEA G 1 5 [ B 25 5 4R i& A . PTLB /F N —F
BN CERE, HEBRIFARE1 8PN S S5 ZE . OIS X . 75k E % K
LT AT VG, FRIATH B LA BRfDhRe. IMDhREEM R S HER A A = 5, kAT P
fiti AFRAR AR A 7 SR A0 XU -

AR EEE T EFEEQR. B MR, TES B IR LGB T & W
(transbronchial lung biopsy, TBLB), S E Gt 2 H a2 Wi i s ke —[19]. H
FEHFFIIBCARE AL LLER GON, BETME, 2% 2 R KRTHNIRE . Kk O 5RO T, B
EM 22 SIS B N AT ESCVE B, MBS SCUE 3 AR AR XIgE AT B O, ATV AR R 3K
FIFRAR[20]0 ARG TR it i ks A G K R ER, HPRH &S #AIEATE, [21]HFEW
i BAEaIMS N, RHEAD, MR B EE 2. )RR PTLB AL, W RefEEI 2%
W 2 ik,  HARE AL I RE

XA EEE NG, 3 MHRRA /NSRS, FEEIEAT R, @R TIBR[22],
WEAE AN AN RER R, i fia 85 T B 3 DTSR AR A% G 0T B HA R D R JE P LA S ERAS B 248,
MBI FARIZEIAME R IFMTFAR . BEETENSRG, BOEMLIEE R ITE S T DR EES, £
& B i 5 B A 52 AL, WA B2 A8 = 45 AR AL K B AT DIBR (23], AR ik PRodims BRAG 7, 5 J9i 3 [R14ik
TG, o2 P 5 8 5 it AR T AR (U 2 12 0 400 et K i s K SR I AR 2 ) -
BRI B T VI RS Wi 2 s . TR 8297 B SRR, (R i T ARHE RO T F R B AR R
Wi, HTRVIBR—Ea MR, XTI ae e A nlwin,

6. FHZETY AL ISETIREME XN

TRMBERY 7T, HoA B A RRPEMB A Mg B . LN FE bR TP LA 5 6 il At 25 P e f e
SETUM R B, ELE RS TR (AT BRI ) 2T R I R s e R SRR S 4L A B
ML S5 EAR K BRI[24]. Gould [25158 0 5 X AEME BRI BEAT b, MR 7 VA il XS TN . 3
&, HITIX Ee R A 7 G AR BT A A SO S SRR T 5 B, PRI s AnE TR 2011 4,
WE 2R T AL UK AR [26] (PKUPH #E7Y), 2045 81 32 TR A XIS ME Al 45 T kAT e A, E3ifE
R R AR IAE CT s28rh, SR, BESE CT /MR, VF 2 B UM FEARF &L i 45755 (12
PR BEENT, 58 CT MESKWBMAFIEZ NN, BRA A HZEHAMEmEER, Bk
B PEAT) R i — PR .

IR, BEH N L8 fE(Artificial Intelligence, A VIR & &, FAE fli4h 512 W sk iy B2 H 25 8522
Al SEAEIREE 2 I RNCIZEE T, REME ARSI SR BN &5 47 vh R OGSERFAE R I [27] [28], B AT Hterm
etk mrEE MR A, B R, RARMER T A A EAC. EEX T H il ALZEi R
B W SR PR, B B ORI 2R B P R 2 AR, A SR ISR 32 Bk R e AR —
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FERRIG, 2

Mo X A A B E S A, BRI H A N B & Rz AR S 2 B R 2023 SETIHARER
RIS SRR, AL AL IZW RGBS T 1) AUC {E 0.92 F# 5 0.79, 370 5 25 5 2 £E i A
MR TIERRZK[29]. HBATLAUKIN AL X B2 E RGP o0k, Ahas T AT B8 o o i
T LA S A Ve TR, BRI T 2 Wi b, Tk 2R B A Bl i B V6 il et (42t

7. B&

S N A SR 3 W It 1T RIS AT TIRANIRER, e T 2R KRS, (B
I R S PR A h AN AEAE T 2 e . HRG, S5 0 28 3 BRI AR A F kAT o0, SBMESS W ER R b
HARE MRIFHE, SR, 5 RYESE ] G R HARRIR R, WiBRIAE. B IREAESS, Xt
FE T B RSy, RATS TR R E 2 Wk B .

A T A B 0RO R IR — 83 B TG B ()RS 2 TV B EA B R bt (301 (i B £ Bk (autoanti-
bodies, AABS). #MAHE F L ##/)N RNA (microRNA, miRNA) K fEFF I8 DNA (circulating tumor DNA, ctDNA),
HE SR AT E il IR A, Bilie B I AR R R EE VL E¥[31] (volatile organic com-
pounds, VOCSfAE % 5o R ITHRZ MBI & T BB U A DU I, ABAE I R SE B A T 2
Phiik, wndmissREE . AR @ — e EPE SR AT AR AR R ORI R ) A5 1 2 )

RIUAE IR RSB, FRATAS BRI AL 22 R IR I 45 4 24T 20 28, fe AT A vP Al B 1. s
AEVFRICY) . ARFIE CT RI . ML G R R 5 2 07 15 BT 56 vl , kg /2 i i ST 77 =
AU, XFEAME ] DL S A0 B A QIR E R nT DA S 2. HAT AL BOUELE W EA — 2 R R
P, HTARER CT &S, BAZAR I ZE . FFRINGE TEAN D LIGIRE GG EZ% — RN
LR TR R VR BESELRRIE JR BRI, ASRIATHR VAT DLEE I R 2 O EUR I . K
S R (R IE AN [F] ) CT 3£ 3hal e FUE R 2 30br ) HL 2 ] DUE R G otDNA HEHL(E 5.
MIEARICY) . RGN ER, W AL IR ) @S b e TR AL, 7 B SR B HE S il A
“Ha AT By CATEB IR .
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