A}

wOE|

XA |

N2 CE A MRS WIIGT T AR B 3

BFER
{LIMME RS B TRYBE, RN

BEEREHEE P TR AIRRI A RE, W@ R MIohric, R, KEFR TN
JRAARINSE L, TEBRAE IS W5 1677 I I U B BN T . ASCRGUE T H N2,
HARf &, R HEsRA 2 e (SERS) « T RIHT i 2/ (CARS) | ZHH 2B (SRS).
AL EHLE (SRH) MICL R 25X EEORRIEA T, MRER R R ImRE A, ERESH
e MR R A S 0, AR, REMAE EE T SRV BRIERE (AST) . K
PR S TIZRG, Y AR (TDM) | I6Y 7 BURE T Ry 34 &S EAN <5 75 T I TSt e
SERS &2 T IRFEEAEVIREYRIRIGE S, AMEIRIATEAR N Z FEbRIR S AT iR 4t T BoR %
fiti; SRS/CARS #fi5)) 1 =i Chnicib ARV g, Hb SRH 455 TR ¥ > EEMRE A - PR
W RIS IG RN A OME; SEeHh @EORNEE— D T N BTRITRERH R A IR
o RN, ANTERE. U, GURMR R S HSE RS IEAE S 2 6E Al 70 Fa 803k
A IG R B ORRERAL . H AT, HIGKREE TR SRR (L2, SERS ZERER
AR PR s BRI AL RE A e DAR o AT R I PR SR UE R = S5 A8, AR R AN AR
AR 22 A0 22 FrUOBER R %, THR B PO I UE S B PR IR PRAFT, FHFEah & 6iE 5P,
w8 A RENOAREEE R A TS RERERME, WMSCIBIRIZET, 167 SRy T R —
IMENEHEZTY

PN, REmEsRi 2, 2B ERGT; WIS, KIS BT IR, A TERE
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EhASIE, LHEURBET: BRI 12 W A B KA,
HEFEAR] FEN AR E WA RFRIR; CT. MRI
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MR “OTie8C , BRSO TN, &
A, RIRFHSE S S KERER T,
IR, REWESRP 2K (surface-enhanced
Raman spectroscopy, SERS) fEBI4KSE B IR 58
REREE S FIRIEE S ; MR B

Z 5T (coherent anti-Stokes Raman scattering, CARS)

| BAEESER
Rkt

Iz Ph 2§ (stimulated Raman scattering, SRS)
MRS T RAGIRE, IR ICAH SRS UGFIAR H R
SRR IEAG RO B R R TT Al L2 AY R A R
R BUE B R SRR A, AT,
JRIREE. RPSH. 1697 4P RT RO
597875 =daul

@ FESENSIE (SERS)
~ ?O - RN

A L @ @
HmiZER - % o o BB 15T A S (CARS)
BERT e 2 : /EERBHE (SRS)
SN\ A KDTFTHE B BAYEARNR
@) omm R i
P~ ; iy BTENSSR
() o |l | s ;
/b\ ' > Ll | B AHSH
@ E ommds & ld 228 ErTE
\@ BCERSE e 3Es ‘ﬁ N ' . ,
B ET'I = 32’?}?%”
g = 0 / r @ MiEa?
HE ‘ K ] _‘
~ - T | R
~\ : e | e
=d l#xﬁj:ﬁ:if < | it
REESHRE

1 PRI BT (@ RIS N BN R (FE: (&2

Pr &I Im R LA AT T IR PG G IRAEAE 2%,
MEERK, BOCHE R MRS AR S
IR, BRI BN E AR LRMEE RS
AR, WREYS 0] HAFREUHE, (HFEARER
HEARGi—. SERS BREE MR, SOt
BBR A Im PRI UER B =S, 5 eRLZERMEL,
AR T R—R, R—h 2FERE R —SW
£55, mizARKN A=K RN EL, K
POWAEHEIZ T, WARTERD., WIRPREEE. Rid
SFURAI. TDM K7 Rl & T Fl —lm R i s, I
PN FENSEORANEH . BRERE, BE
RIGUE, B RIGRR S TE N A G — 1T 18
MEZR, HE RORTTRL 8 BRI ML 56 2 PEREE A1 AT
fRRE, PSS UE ARG R o

#:2 PubMed. Web of Science 1 CNKI 482,
IFEYEE Dy 2000 45 1 A% 2025 4 12 A, 3230k
RiAlEHE “Raman spectroscopy” “SERS” “CARS”

“ “stimulated Raman histology”  “fiber-optic

3!

SRS”
Raman” “clinical diagnosis” “liquid biopsy” “cancer”
“pathogen”  “antimicrobial susceptibility testing”
“therapeutic drug monitoring” “machine learning”
“deep learning” 5§, FFLHEHSOCHEE, PASHE
JRIZWT, Rk, JRREE. 167 AT RO0F
PRERHINARFEAR . RIS B F AR AT
505 HEBRGEMPRLZERRSE, = AW BR 2217w A BR il

SRR, SRR MO RITCTEIR I SR

www.bsjn.com/mhcp/zh_Hans

HARRpRE R, AR, NEER, Bk
LW ERE NI IETT FUHAT HEAR

FEMELRL |, ASCHEISER 26 R M
PRIGRITE I, BORRSIEIZ I, BREDEIE T, K8
HETGTT Ry RN A5 77 T S S5 it e, HFas AR
ML PRIFF 7041 4 B IERE AT R F L, i —
AR, ZH0IRIE, A TERERLE IR
TAERER G EARRERTTIA, PR 2 5EikH
“DTARSGREC 1A “IRKRAA T R R S
e

A=Y PSS SN 7 SELER R
i

PR B PR R R IR S AE SR AR
MRBUE, MRE KBTI RS
PRIGRIFNE" o B &AL 2 RERS f W2 ZUR 2 B 1
AR, HEOHES, BMEEMNZERERZ
FRIT; HARHL = PUAC R 70 B F IR R 2
IR SERS FIH & B4R S B8 1 98 = ek
Wi, FERIRH IR 773 A RTAS IV ; SRS
' CARS L ERBIRE; ST RE MNBIR S
e R s B B A] Rtk ANRIEIR TR B AR,
TR ARAERE AR BT, P 2P R E AR T %,
HEZRFRUNE 2 R,
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EHELNE

L
i (SERS) -

~ (Spontaneous Raman)

| HEERAE  HERHEWR ) AR, ERTRET

Rayleigh LSPR SRR
Mk L e G B (e.g.. /silver)
- | \\ o
piS LM = Stokes © R/ >
Z nmi/\_ /; 2| \gmsez) m*m%@ d
B EG{!'U‘g iﬁ&&es M
BEN Rz (RHFFESEHR) (REFSETIS5HE) BEa
s B -
# gg;ﬁﬁ’ﬁ”‘g I ESHAERE
6| —pepr i ¥ BRREE
N [ xmunun ‘= | RRERER S
v v
= EAE BHBLEER/HRRREY | | O REMWERSR/ BRI
B [P L ERR BRERa || o miiEse
i ) s 8 B, ‘f"”i:‘
x i Fé) ) g‘ s
- : 3 o
E Lipisﬁ @/ < %@Lﬂﬁ%

| HETREEEHRE | ¢ FEuESEG
(CARS)
Pump/Stokes sAnti-Stokes Stimulated
RN z SHBIRE <
=
7 / H sfglt:s %/\'é SRL/
#R\E—) § =5 & ; SRG
e SRUSRG 4
(i SR/ 1) SRS
T T WY 05
© R R P _.;"‘, X || © BEERER Y
L BRFIHE P U || anEExE a -
= TiTEHRELT BT vV RiRENIEERE b .
v v
RepiEEasipn BEEX || RepEsaE st
{ EESEAE %
e (aey 4.
L RS, BERRMCIEBERRLE )L EMRESH RSN )

2 EERECEEORK LA RHE A ImRIE R ME LA 1EE 2D

21 BB EZNES5HIRN 8 EAFRERELEY
Y AP E S/ U R

BRI RES S, KRB TR A A
5, /DREEAIEMMR S HU, B BN AL
BEREREAIRS, WAL “FRX” Bl RIEH
R, BBR. REFRAIFESSZA 5y, BhRaIs Wi i (et
ZANRHEX RIS AL, FHeEE 2. Xk
A EHLERIR 2 3] 32

H &P 20 FERHIZEBHPCRMK, SRt
T T RO DR SR KA B R, TR
ATREMEN TSN 255, MR EKTRERSE, K
T RN A, 532 nm UL BT,
BRI YERA R ; 785 nm ITLT /MK AT RE R 2 5
AL, SRImIRHE A 1064 nm A HE—2 555
W, AEX R AR FIR A R =, LUK IR =
HHUR FRAIRIIR S, RIS &Y IR e
RN 2R,

FeRb 20 I UL I KR H AR T HL IR
Wy, ESEMEEGEKIAY MR, M REAAH
fBEE, (AHIEFTERESZ BARor IR BRI, 3
DA S R ZH SRR AR A (AR S, T DGR AT fE
IR, (R, RN 2SS RE S T
M, BERHEIES TChRIC RIS T
2.2 REIYBH BN (SERS) : NFHEEIE
BRETER

SERS FlIH 4., REFGUKEEN =4 oI R &
TRILIR, (£ 0RE R BEURD 2R3 T Bl e s FRL RS 1R
m, AR TR 2155 R, aESUR
ZHKREERITESR ., FRIE A A 53 W B B 5
MAb 50 Al SEBE AR AR IR B B = 85y 7K 4G
(I}'\IH [8—1()]0

SERS SiRATER: BLAEH =GR Iiyeg ] [ i
SRR AR PR 4R A, EERBRE DNA.
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RNA MISMBIAFEREAE, TR BOX bR
FEEMR. IGIK SERS KRB AMAIR: —ZThn
TR0, RIRFIALTE BRI 5 M S Ak e fik, R
SR SERS 154(, HAINLERY SIRBIBRAHE
5, BARARE I, FABUR, JERCASRRIR IR
fIREI D 7, HEGIHHH IS 2 7H SERS
PR SEELR S AN 22 AR, SERS IE AT Szt
Ji%, DARE(RFEABHI2 ) B o R,

SERS IIfRILHIZO R E B “RESGARIN” &1
“REMAEARIN” o ALKBIRIRGE, TEIR. RER
SMREB SRR, ERMERTHES
B b b B IR L R PR EE M, 2 BWTRR
FVNREA, B B — 3t AR, AR AT A
AR AOERE R AR, BRIt RALIEE MR
#HR—BUE, Gi—HALEMASKIETE,
I Z r LT PR 730 I E B REATIR RER 28, 1T
JREAAIIE SRR FRAGTR 1,

2.3 SRS, CARSEIRRA NICAHL 215 RRE

CARS 1E R HYE 5 WHE 5e oo 22 ILhc 77+
RSN =4 I E R BT 5 5, MARTREE St 8U,
EFFEAEHARE R SRS JEI K52 i 2 1Y 258X
PFESRIHE S, BES S FIREEMIZE, AFHR
HRRg, HEGEEMARR 0,

SRS HY E 2 IIfi K 77 IA] /& 2 T 4 2 4H 4%
(stimulated Raman histology, SRH) ., SRH iZ%#H5
R, EAREFERSNEEHTRER G, HER
RAEMEM H&E O ERHA YRR, EERE
E. BAIYAE, Orringer FEFHEHEN SRS BMAR
GIHT 101 PIBZEAGFEERPIRA, WRIE 7 PIgA
UG RIATE7), Hollon 7E 278 il EH %
L RETIETERFSEH, & SRH SR EGFIME M 245
B, SEHNESEN RIS E, RN 94.6%, 5
JRERERITAT 93.9% M ', IXFRIANL & BORKIIR R
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i Y PT E R ROCIE R A ON R AR BB RYIR BRI B A0S

N RE F BRI AR B rl M, ATE B,
XARERTAEEE SR ] SR RN, CA MR
BEMEHERIERPEN &, SREERN
IR HRB T HERYIE 00, RRATTERRL “ENE
N —A TR E—h 2 AR ZBESRAE, (R
B R, BES. 5 RNDEIRZ 25,

BERTE, BRASRETERES FRY, HiR
P2 RHEREE S TIESME, SERS f2E/E BAAMIGE
SRS/CARS ISR G, SR BIGK
REBKEI, ZRMERS N TRRE. MR MNBLR
SGEA G, PEIEHERESN T EREAR, KK
FR AR — AR B & R,

2.4 PrEEHMEREHTE

MEXEAGEEER, EHEEVE. L8R
MRS FRIA, BOR RS B TR 2 g
. UGS K iy EE IR PRI e AL, (RS A —RFAE
UEEXE DATE 7 IR M SR 2 AL e 2 5. IR, BT
ERCN LS R R E B Gy, HOT IR R
WAt BERR S8 ¥ SR P R R BRI,
Fett— 2P 18 B A W) RE RE 0 AN PR TS R A T
AR N T BT 2,

2.4.1 fEGiNIERES) . WRHERBFIZ R R K

Eaihi 2 Hrid H R EIE A, FE4EERr
IEERE DA R =PI, B ol FH ik
R, FEERR, TOCRLRIENIH— LS HEE
AR ¥R, BifERAF 541 (principal
component analysis, PCA) . {#/N —3€ (partial least
squares, PLS) Z/jEEAAS4ENCIEER, HEELk
#5534  (linear discriminant analysis, LDA) .
FFEmIEMNL (support vector machine, SVM) . Ffl
AP (random forest, RF) FRIE T o028 22,

Hrf, PCA-LDA S5iftHXS B, 8 THRECR [
FEARRIM F B E R, PLS REMTAEFEIEEL
PRAR 2 5 [ LR BE; SVM AlEId A% bR £l N7 R
SRR, FEREREERMGIE 4 ER =N
s BB, Bilan, HiIR osce BF5i R A
PLS-SVM Xfifeg 5 AR LA THIA, RIS
HIBURIE, K57 BRI, I7E SERS W5t
HRH PCA-LDA %77 TARBUEIA 7 FHREUF AL
IR T LA,

LGN ST B BN AR, 1B MERSEMN
TEE—EMY, BFMENESHGIZRERAESIE
. (HHGRBRBOCIE ML, FE4E77 N A T
FHIEERE, N T2 MNEH 2 RERMIELREXR,
HFRHESRERE A AE— ERR T, FEE H S50

www.bsjn.com/mhcp/zh_Hans

P RIAEBGEAR KR, REs B8 > 2 R IRE
TERTTREE 7 SR N B T 7T 1o

242 REES]: HATRHETEWN B3IRHEES
25ty

TR STRENS MR GG B AL B /s i b7 2 2 dim vh
B 3% SR RHIE, I8/ 0 8 N T A SRR
IE TR, —4EEIIMZ M4 (one-dimensional
convolutional neural network, 1D-CNN) HJ B #240#
EELh 8N, TS EPHRIEIRAIEAL, 1ETE A
Y X I RINAHEER; MT SRS, CARS
SRH %5 —4E(L 2 G EdE, WIRRHA —4E CNN,
ResNet 5 W25t — U RIS, HASOH UK
Jlig RN 28 1 52 ] A1 S R AIE 2

SRH IR & TR > /2 H Al R (R B AR = Y
K%, Hollon %4 SRH 5IREMAEMLKLES, (£
FROLETIE TR 5 SE BT SE N i AR 2 i, RS
4 2 NG R REB UL N BB I PR3 SR 2HER
PREER ), GBI — PR SRH R EE S 15
7 FH T SRR E [ i 7 A AT R A R 22 22 4 e R
K, HEINZEOR B IE AT IR R E A E N E LAY R
FR R 7 SR R

WREASWIFEM T SERS IATEKE, Lin 5
ERIABLMTE SERS Z AR ResNet18
FIRELSIERAT R, R TREMEMLSE L
P 2RI SERS FHIERITE 117, S1EGTT AL,
RIESF ST REMS TR BUE 5 A AR LRI RHE, HHE S
BEK, NEFEIE, BdRRE NG EREREE
KRG, Hit, EEZENEMRS, BIEERE
N5 H SN B BCEAEITE, HAEREPET L TR as
A BEREAE MR E, AHICTT 5 A
1E58 5 Wik —A e,

2.4.3 AIfEFE N TR RE:
R

BEERAE R ER, (RS HERR, SURE
1 AUC CHERATE PR HL 2 N TR BB A I R
B I PR MY AR ZE E BB Tl 747,
TR E I — A0 B HRMRLE 1S X R] B 2H 21 X SE0 ]
TIFRE R, DAMIXERHMEZR GBS EHMNEAR.
MR, REBAn A e —2 it Ak A\ T8
fiE (explainable artificial intelligence, XAI) &K
L &R RE T B R 5T 75 1Al 0),

NTEgHLa S, AlEdREHRE, TEE
FEBRHERE IR AN 608 N TIRE¥S)
A W "] A i SHAP ( SHapley additive
explanations) . J& #B A] AR REAL AU JC K B RE (local
interpretable model-agnostic explanations, LIME) #l
KIYIEME (class activation mapping, CAM) §75
1573 M A A1 R £8 B8 1 A5 DX IO A5 28 iy ) A o i

M “BAEDR” FRER
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Bellantuono <#f A Rl g7 > HI F HHR RN 25
WA, AESCEL RT3 2R R I SR A T B A
B TTBRAT YIS RFAE, R R 5 TR A 2R ek
IR T, #70 SERS IRE Y SHI5T
T 4638 I R P A0 E 2 52 LR 7 S Y B K
XK,

HERFGIHE “EEAE" NREEESRT
PomRE ARG, B A I AT RE R
SCEIREAALER, SR I BRI A R 2R R
(Al 3 T i ST 83 PAS DA KR B, ARIHEH AR
HARATFFT FETZX R, AR 2 RED
Mrivim A Rl A PR SRE PR
el “CWTER — R B S — R IR RHE— T E
ARIR” BIZRERIE, MR SRR A EM T
Ll )7 I 7

BATE, Rohlas>. IRESES) SRR
ANTEREH AR B AV AR R BATTEE/MEAR,
sifotis BRI RA IS, REFEIEEAGKR
MR ZOCTENIL SRR ;AT e N TR REN
AYTERREER N S Y HERE. RRNRER
IRIESS . AR SR A SRR, HRK
RRALERE,  RIEREMEAIES FRLIZ AL RE T LRI
trikzR, HEShhiE o “EiEaR" MR
MR

3 P & JEIRLE I PR B A HE 12 W B L
H
B IR IS WTTHERS DAL, (i

B IGFERSEE

IR R AT =2, AU IR R, AT
LEEBMHRAN > FER, WS THE, bR
FIVISGHINT; (R oAT &) SERS BEATIBIIR
ORISR 7 SRS T UM A AE P F e 80 259 1 Y
RO (L, SEEPRE S e AR 25 6

3.1 MR R R E 5 B —— AR R A
U5

A CARh 8 T 2 Mt a2
W, R RSN, AMFIARREEREAC, R
AXELNEH O, i, B, SENRAESN,
TP IDEsE S s PR AR AR th A fr RIS W7 R BT

3.1.1 R A ffayee

AR gnitE (osce) BA BRI 21k K
AR, OBBRAERR, e s, B
FFEMIE R R, i 28 2020 1 S0 F
2o OSCC MHINIBK AW MAZIR. EHA. R
RIRREZ RS, HIMEES A TRAARR. &
/MR, CH/CH-FIFEfE T X3, FILFRE
L RPAEHA AR R —IEE,

Hi27E OSCC HITEBTEN HEfERZHE, &
KPR ARG E, EHUIZIRMIAEAR
IR ERNME, ESVKIRY) A AN GEAAG 2 TR X4,
Mih 2 v 2 NGNS P, TCiR R, — N
A 64 fil OScC EHERMF R 245E PLS-SV
M X4 0SCC 59 oscc 4HE, BURE 95.7%.
FERE 93.3%. MR 94.7%Y, SRH H—5¥4 5.
NEY R 4R RIHA G, XA
FEOU A% A R TR A1 RE

s B SR Fo XRIGFRIARRENE

fIBEE (Superficial)
MIEREEAMERMERTE R

ical Spectrum Model)

P

ESuB

(Normal Mucosa)

FADME ARG
(Dysplasia) (Invasive OSCC)

~—

HUBR: ORSEAPIISEEOFHE
PIIRRELARRRE. fE4EnkitiN A miR

@ 1. BF S FEONS TRISHER

BIROSCCRYBERME  PCA-SVMAXIRE
0SCC E=r ] T ewm 1°

Koo YN

-
E 0 -
e | ﬂ i

ccccccccc

BEE (au)

(Normal)

— =l w6 o E
160 100 160 180 2
MhIT (cm?) PCA-SVM43#map

© ZHHBARS (SRS Histology, SRH)

Casel: APRENGZHE

BHEERHA:

| B 95.7%
RS 93.3%

R 94.7%

(Lee et al. 2022,
Wang et al. 2021)

FiERRERARH
(Handheld Raman Probe)

Case 2: TIEREIHRIASHERIT(E

(PR BREREAR. KR TBEER)

EERIRERIRE
S, L, BRGIRIURE

SRS -
i
W

i SRH TRSEEE:
- - mﬁ' SRH REIfESHFE:
B 100%
KRE 90.91%
| AUC 0.954
SRSEMEETHR (Wang et al. 2021)

& -gg-C
TR =

FHIRH AR AR SRS~ AR
.

3 CRESRRANAEE KA R DA M2 @ S H&E RetuEBR I (F: 1FE &)

{EHAFSRIAMNZ, OSCC IR BARAMAN “H
SIEW 23" . ARV YRR, ¢4
e, BRI RN, A5 OO S
S E WAL, SR I RE R
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IEHARSLYIG A 58, RRITFN N E 2R
S, ANFERHIFH WA N IERAE, FEIESE
JRELIE R, DL RIS A HREY RYIBR” 1F
N EAETFNIRIE,
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3.1.2 i, BEREER: HEAHSERNE
JER AL ARG

i F R kAT SR BN L S E R IR T
FHAR A v 2 LB X R EH LEEEER
FEflr] BN, RIS R AR, BB
B FRERN T, BES BB RNEES LR “h
BNE —— KRR AN A E RN BE
BLEEE, EHEIRE Jiﬁanﬁk(EWi‘éljé?;R%o
785 nm JEAFH 2 O FE R IN [l RS BB HLDY
1%# AIEIEH .W*H?&ﬁﬁﬂ?‘LT, 135N

REMIX pIEH RS BimdAS, RIUH—EmW2
Lﬁiﬁ(ﬁfhﬁﬁ#yw

R SRR EM AR 2B RAHL
K, WRIERN “OCFAER” 8 iR BRI B 2%
%, £ Barrett BESR) ZERMEEREETRT, £
FNRIE TR EHITZ AER, mEPHE S &
ZONRMHLN, HNEENE L@ FeNE.
UGS IR BRI, R 21T
POy 7R, AR EER TR R AN
Btt, M—HEEENhEEE, hERSGAK
BT BRAC Y MRS —rp XU — S X &5
BEMEER, M N EIN B R T A,

i, Jeehi i, Bk 88 m T aom
RO HBERHL MG, RSN A% R,
BIGRN AT RIRES. Rk SHS A E
1. BB 15 5 KA R M R 2 sl

AKRBTFEAFEAR, 2l K HLNE R T AYAT

WETERRIE, WIMHATERSE, 2R MG ENR

HISEIRL TR
3.1.3 IR : hEhL 8 RGBSR FRE

i i o R 4T A T 3 IR A SR, HRIG SR
5AESYRIEIL T EES B EW RS SR

Targeted Molecular Detection

Specific Biomarkers

¥

" "-»

ctDNA  Exosomes
(ﬁlﬁmﬁﬂ) (#EERBHEIDNA)

quuld Blopsy

(1% B (5iEtR)

f
NG
/3“2%? <@ /s

- b g D

SERS Signal Acquisition & Analysis

Targeted \ !

Nanoprobes

JiR, TR FEREA A . AR, R BIRIAE
o Aie e, it SRS X CH.. CHsSEHRENIEIE L
G AT AR ZINS b, SRH TCiR i AL E E R,
A T B AR R AR TP R AR AL B [ 2,

FZHMEEATZ SRS I PRUEHEAE N AR T,
Orringer £ 1 Hollon £ F 53 AIUERH T SRH K
PRI AR A SRH. B & TR J 257 ST JEAT 1 SE I fisi
T RRIRIAT IR, IX KRG RS 8 AlR S 2RIk
BRI BRI RS, TRERMEEE, B
SN IE R, AR I 0
&

3.2 BT IRIRTER A1/ TCRE i

WARTER B A A/, Rl EERERET M
WIS, MiE. MK, Rk, MR EHR S
BEAR. =R, TR S 2 MREGS o
WIRSHE B0 F, (HHEAVFZ BRI R E

B, i B AN 2 AR T R EUZETE 2. SERS
ISR, REFPOREE L R IR 5, I

EMRRFEED FHRNEESY, FHit A
+SERS+LAR"#>]" BN 2 il R hxlﬁ?ﬁiﬂﬂ?ﬁ
BRI 2z —o

TERAARTERH, SERS T ZETERUM AR :

—ZN AR ATREU AT, RVERREU0TE, %%
%?&‘E’J*WS SERS 1, JEId 28I ablds 7>

RAIBRAE 2R SRR 2> TRHIE; 55— 2804
ﬁh{ﬂlﬂ, B PR, IEERSLBRIRE IR MR
PEIATIREARAE (CTCs) . TE¥FIPR DNA (ctDNA)
miRNA., SMNBIRSEIREY), FAIH SERS HRds

R BRI Z ERN, =& 5 R “WZLV\?%%’*””
T “REAR&PRaN" | AR AS [ RAT: 55 B
S5y VA ﬁ%ﬁ(nﬁfﬁﬂ 4 IR,

Non-Targeted Metabolic Fingerprinting

- 3
= — |V

Biological Sample qum d BIDpSy/ /

Endogenous Molecules

Non-
Targeted
Sample

Iscla1e Speclflc
Biomark
iomarkers SERS Substrate

i

SERS

Non- Targ sisd Sample (proteins, lipids, metabolites)

%f“ﬁ‘““;“*;/ .
‘M g

Specific Targeted Signal

P, o 3322,
Antibodies % & 5
A

Machine Learning & Clinical Application

Whole Metabolic Fingerprint SEERNEIED

Clinical Decision Support

Targeted Molecular Profile | @ Faet

[—1] . )
Aptamers L @lL Analysis [~ e.g. CTC Count, KRAS Mutaion =P ‘R =
Nucleic Acid i o | < = > Response: Posiive
O Metabolic Phenotypin:
L. h m‘j e.g., Disease Rfsylf - fr—
Spec»al SERS substrate PCA/SVM/Deep Learning Analysis Treatment Response
<l 4 SERS HI T MRl iATE R M N TR RERIBISWT RV EEARE (T M)

www.bsjn.com/mhcp/zh_Hans

https://doi.org/10.68070/cqdq1904



98 BRI RIS TG R (B T

3.2.1 Ifilif/113% SERS 5 i B 1T &

IML7E /3% 2 B i F ) SERS RIS R REAR
SERS FE “JE#EEfREIIH2E" 1 “HEa s A
WEERE ST BER] EH2 M REIRRIgHHES, hnliE
Uk, GBI SAZERRE L 142 CTCs. ctDNA.
ANBIREIEIREY), FFE 2 MIE SERS A
RBEWEW T 1A —— R ERBEIGA R RER
(AFP) , {H¥/rFHIFE AFP HAT &, Mgt
AR B X ATRE IR AFP RFH1:, SERS A MEE(A
M35 15 R I SR BUZ IR R =1 . &R, R IRSE
KRR, 124t5 AFP ANPGRS, BT
e D) BB A B A TG A P A e 5 A — — BB AR T
)5, HEUEIRIAE, SERS B FH TR I R i £

B MRPRIINBAFIRE miRNA, SRR X RAE.

18 1ERB 2 5 IR AR, SERS HYZ B AGTIRE /1 IL(H
HATAE [F] — IR R AT AR I 22 D R br a8, T
SR B — RS YIRE AR mEIE DL, 2 ARSI
BH R e RBUZFH R R,

ST, IM{E SERS AYE SN PR B3 T e A A
PRI RIZ A A, SRR, $URET. B0
SEE TRIMARIE KRR B RT RESE A 1 5 RN
f X HEOF N RESE 2 AR E LR IR A7 5%, /M
AWFFRAE L OCHSRET mAE “BET N RA
RN, K& AT REIE BRI AN P RE = il
3.2.2 FRIR. EEMRAVEHIK: MR ACEHER
st i)

PRIBERETCOIHEZPRER, ALET, a0
Py, EE S IERSHESORITI; MER S & E B
R, TR AN, AT T OEsE,
MR REIRR,; HBHEAR/D, 5 SERS
ABEFRMCAL, 5B, XEERE S IR
K BEEL P TAERMRAETT R, R
RRALAITGR RPN EIL, PNSAZIERIZETE 77 AL
B,

VAT S, SERS MRATERHEHIEIE SN mfE
NEEBI IR &M SIS TR, AR UG E0R
B,

3.3 WIE A IRIREE 5 8RR T

RS S FR 2R T AT FEERERT, 7 FAaill &
P, HIPRETERERRAEMZ, H 2] MY
VIR EAR. ZER. IR 2RSS 58, I
JEE 2 Y VE S RO 2B M A B M, R A,
2455 SVM. BENLARMR, CNN S5EHE L] sSCIl B Ap
I, SERS MIfimizNmiEtE— PR miESHES A
HMEAKE,

PRSI 2 BRI E (AST) 2%
HImRASKNER 517, SUREETTHAYIER G
SRR MR G A B RIS N AER IR,
T 24 R AT A G 4 4F, TR TE TR 5 AR 2
W22 R BRI A TR AL AT, EKFRIC A b 2
(Raman-D:0) | F 7 K40 B K i8N ¥ & iAW)
DFEE C—D IRNES; BURE 2L IH G
C—D 55 Tk, mm W IR RSB A CA
ST IEE R T ImRRIAEAR, MBSO 28Uy
M2 RATE 2.5 h, NEUNNRIIREMELTRER AL T
AR,

SR BRI, WIED 2 HEREE TN
#E; SERS A] S5IRIREN. CRISPR/Cas FHREIN
HIRIGEE G, @ R B8 S LIR SR &
REHEM, AW SERS-CRISPR/Casl2a ‘F-A
FFIRRAEAAR) SARS-CoV-2 A, BoRTHLE
I B PR A I A A R RS 10, (HERE B SERS
BT SRR DAR R R A PRI RS 3, HLAE
BRRIGREFRPNEL ., R8RSR RIEH
PSR — PRI,

3.4 ARG R R LR 5 LAt

ENGIEVA=E5% Nz IEa DRt O1 7 N 1= N = 7N it |
B UE SRS 22 AR, TR L (SR i s P o A 2
DAE AR IR, 3R 1 G SR AR,
ARHYHEI, SERS WRARTEAL M PRIk 2 BEF RN 5T,
I AR, BIEAIESIE 75, AT AEE,
H T IEdER 2 S R R B R AE SRH i
ARHIZWT, M2 % SERS RIRTERHFFE 4T DA FHL
I 91— %o BRI AR 38 1R

78 REAR TN ik EEMRE iiF 7y 7 BRI
BERENG 27 BB 785 nm AT LDA BUREE 97.0%, FESEE  AAXIIE; REAREVDN, Hubsh
L0 # A 95.2% HIIE
MfiRiAh 278 il SRH A CNN HEIR 94.6% LTSRS ERgaE
Ll * Ry
CpssEd  ea iR ARNE PLS-SVM s 95.7%, R SXKIE; BSAREA, BubEsk
LB 124 # 93.3%, {EMZE 94.7% ARHETE

https://doi.org/10.68070/cqdq1904

www.bsjn.com/mhcp/zh_Hans



B RHE I RIS TP i R TR

43R 1
73 REAE Bk Bk EEERE WiE 7y A E BRI
FARME 1441 i sers  PCA-LDA TEEMRL) 81%  EEWERXIIE; G
{LSER A A (40]
ZRFERN 3551 Mjf SErs  ResNetl8 WG 94.75% FIFFLIIZRANR; BB HL
s i

BVAKRE, SRH MafyRHEsT i TR T 1R
UEHEAZ HOLRTIEPEIR IR PP BT B, UEHEARN 72575
MHELZ N, SERS {ATE R BRI IER =12
WrttRE, EARRBTRIERRSE, AL, BH
MR 0 T AT E R, BRSOz
CREN TR — Rk, K, S EBFFTH R
- AUC ANE M B B0 TR IR T 31T 8 B A e B4R

4 @ LIB BT RT R I RS
.

PLEEETETRT T I B B K BT 297 M,
BT BURIEPEAG, Tr RSP AAOLTY ST, K
AT REWTTAR L B FRICHI ISP, 4
g LA 6782t N B PUR L NTL 2 ial /N AR /S O
MEMREHTEENE, ARPK “AH—RN—
PR B9 FHEINEAIER, (H H A2 BOERETR A
IRATERIRR, MARERIATIR T 15, 2
T @SEIE RIS ST nIHE— DB R AR50,
BT SR, o3 BN BGTT 7T RIS R
Bud e, HEABUNE 5 AR,

GIVING MEDICINE = RESPONSE —> ADJUSTMENT (4474 -R -5 %)

BTARIAE KRR S AT RIS b r NSk ) A
’Hﬂgéﬁggﬁ BHEGERE | HSXBRANTA Kenh/R | RrSEl
ATENE paN T y
HRAHTSH (Q‘ @ el *— LY

= = \ Sanmaren | U
/"f%% IRBUREIIR | 5| SERSEUMEL | WIERRE
RN HEFREET Fhs  ms SORREN | SERSIERER
- @9’ GIVING MEDICINE = RESPONSE — ADJUSTMENT
b (T RE—E%)
FER Y53 F AR B s
M;f gﬁﬂﬁgﬁ P HRS3 F 000z
e i % Bg e ' I
ERAEAE T ;uﬁﬂﬁa?'ﬂ ;.:ﬁﬁ#a%{? — ZEEED
fAHRESE Gpitigall et/
ERRF TR HE ) WEHES

RN ERE

|
N lvs
\ il i
”I " J ,g 7| ‘/
v el | /%\EEE ﬁ@f_—é@.ﬁ quszgﬁ

5 TR 2O RIMRIS W — G — T R ML TR (. 1EEAHD

4.1 {75 R

BT 5 M (therapeutic drug monitoring,
TDM) JEIEIE 259 1K 45 & 291K 1 2 E A B |
®, THEAT®RTERE. MERKNAY, Hi
EHT TDM T ZEARHIERAZAT, SERS A AT
PRI 250 M ARV, DASC PR A B 24 W) B BRN 245
RONEE

HiAE R 2 TDM M ARHE B fres Y aI24%
BT ZRCE RHIE N AT TDM RITURAE SRR AL,
FEERRIC SR 25N 8] 5 RAEIN ] 0T~ DA TR FE B
PR N IS B FRI 25, I AE R (A9 N ] 7 AR
K, PACRUERS IS SR EA G R AT R o1, [RII,

www.bsjn.com/mhcp/zh_Hans

N 7E LS I T B 2R B R R N AR R 2R, IF S
LC-MS/MS ESF ik T ke, RETFNT
LVEVUREL R, R, BN SRR E M, B
U, Goksel KA SERS X252 K& FF & ia
7 RBRENIRRIMIEFEAATE &, FEAIME P
Pg g, 2 R T SERS FTFIR? TDM & 1114,

H] SERS-TDM {752 BLJicHb[A] 22 57, 24Pt
T 0L A I 10 R AN A ey 7 2 SR 2 M), A B4 B B S )
TENSELYIBCHIZAT, RIS PRI A sbR 1 77 1A
W7, RESLZ LI UEFHIEIH H 45 R AEM o7
BRSO FEFEM, A BN E IR KRR E
AR

https://doi.org/10.68070/cqdq1904



100~ BB E IR SR T PR T O

4.2 TRALYT S 5 T 25 T

P2 Al FEN BEBZIR. &AM, IR
JFAHRAR R, A BRI S R (R A .24
AT PE 25 B0 5 SR AN, (Y BIF5E AT b
VOGBS A1 fE SR 2l Ei S RIS Rk, TR
2SS rANA b SR RS GRIN AV I S (D ES NI A
B AECAE AT 2 5 s R S B R XU . E
TR IS SRS T 245 DI SR Je 24T M [R] 47 4 T TR )
AR el 2R, HAth b 3 R IR
R —E BT T, ABUEAIESE AT DA PREG BTN
S

TBOT RV EA TR TERR ST /S DNA fiifs. il
A& B A DAR IR sk S AR 22 L, Deng 55
K@t S5ilae? 4, EIhREann =g
TR AR H 55 TR 67 Wi 87 K iR SR A 5K Y
AACRHIE, P 85N BA I FHA T 7 i
WS H RARAE A AL B E i — P RiE
v, AR SRR, e RE
MF Ry RV R R, RIS R 2
SIS E, &7 KEINSHRERER, I
DA O B SE R Z I RN SR

4.3 ST BENAS T

LGB AR ARSI SN H W T RY,
o F AR (R E R4, frgnldid iy
BT IE SRR I A 73 F R, #hFEAG AR
Ko NTRIEEEIEMNIOE. BRSNS,
AP 8 U HIE SR, X T IHE R, WIER
5%GITEKE,

SERS i A] F TR 7 BRI 25 V) RO AR 1Y 3
AWM, Huang FEHE T pH MM SERS 49K
A, Bh2REEESNNIBRZZILERN,
45 MR BUGFDERGEYY, SEIAIT IR 2 S
WP, 2R “EAL—IGTT — WA R T — R R SR
W& b SR BIRE EIG T IR AL T H g, (HEFEZ
REFIRPRATI B, )R8 RRGURAMEHCIE R, 1K
AR, 72 4 DR B8 5 I S v 1 5 [Pl

4.4 B e Iay T M PR AE N A

AR SR IR 7T R S IR AR I B S 2R %
PIRESE, Hie it MU E A R IR
X5 T EEIR AN TS E. Paidi T IChRICH 2
ik S5HlAs 45 G, Pl CTLA-4 flfit PD-L1 A
SRR BRI BT, BRI 55 IR A 52 i
SRR, FFSRBETT RN, 55— F5TH,
Li ST 0 T490K4 SERS ¥/, H TS
W32 Gz ka2 s IFIa T BB AR 1251k,
SRt SERS TE 508 A 5¢ 55 1 T A s 0 = A 7
77147,

https://doi.org/10.68070/cqdq1904

BATIE, hr S ER IR IR RTRERS
TDM Il & KR 88 1677 BURIE A A
TIRREER; IEDEBEIRT RN RS 24,
JETT SHUHE AN RERZ S 2K BRI, Ak
FPRHATR SERS. LT IR A IR & B 2943
S, BRI S, MR EEERR
TR B URARGL,

5 L 8 CIR G PRI R B F X RIS 7%
LBk

5.1 SERSHATEREREE R : EMEEESERH
RLIREBL?

SERS i RTE G2 2 i i 2 R 2E R SR P R E 2
Witk RER . RIS AR R 22 St iR A B U —,
RERFFRERZR, BURER AUC FEFERK
WEh, EiXFhZE RARER IR TR A B BT
L%, Bk, &, WICKWKPIRN. EH, BE
TR DA K 2 T 8 1 23 R 2% SR PR B s o A, B
KHAMFRFEAR, REHIR SERS FJRMATRE~4E R
EEERSER, HR, KR NEFEEEH, BE T
FO G SR AT 4 26 B8 G IR BT, (o B I i AN BR A XA 73
FHRRAEZ L, TG AL AL A 2 5

AR R EERARE, E628KE. R
IMERAL, HUEA, BONEFEE, MWRILER
TEEBFIRL, T8 IR FEE DA R R R R B8 S T B 4 28 I 37
IR S S0, W SR A RN FRZH >R B A RIS
], REAOECR AR R E R, Hlass S
ATREIRBIRE “HR” midER. mikr=ENE S
RMREAEFM BRI DLES, HInTRELERTAYIMR
HULBAE R R,

BB — DRI E . DARERE A N
T IR A RES IR A M RE, (HE SR A
T X S R B A AR VIR B LR 1) A o
Bilan,  FEAE I TR B R N e AR A IR
LM N ARTE B, P4l SR 8 5 fr (L Fe
MRS R %5, Bk, “BESEEN KE
W& AUC TREE SR T HLMEMERE, SR
SERS fiff 57 B 3& 5 FH A R 975 151 — ot BRI T e L 755
I RIEIE IR 2 Wi A
5.2 AV RER BB SR ER] 95 BERK
Ez &

b 2 FEF ] N— A B ERE KREEE LI,
XME REARER” WENESERE, B, JLt
Bl B E AT T E B80T 500, (HIXEE SR
TEGITE X SRR IGRMEAR, RFREG
EEEREREHFTELG %R 7 3 830 8 1 2 X illgRfn
MRRBAE, F—RERGS ] fERIN 7 T HA .

www.bsjn.com/mhcp/zh_Hans



PSR PRIZWHETT H Y BRI e - 101 -

TERIA] e R] AR B MARHIE, RN B E =
EHSEIIAG, SEPTENMIAEHIEE EMAT,

R, FEYHEMsE, MHEEX S “BE
B OEPIREARRC ORISR M CEGHEC
BIRE M E e B ERHSENR, BAEEEN
BRIEAT I SR B UG TR, S BOERENIRHE T
1% M 5E R R FITE NG EARNEL, SHERSRARER
XEGUE; SMOTE i RAE SRt L GEFH Tl 455,
TRETEEARE N 0 Z Bl SE i, B ZAs A W {5 FH B 2 Y
AR ZSE, e M BHE Y| HF—X
PEFEA),

B S FE R IR UE N — 2 B O R A L,
[FEHOEER IR, R, ik PeR, N2
NN SEIR E AT RETE AR “INBeismfe” o AL,
AXAE [E] — L AR BEATLRI 53t IR £ _E RS itk RE,
I AREUERABE B B 0z (EE 1, AR BYIEYE
PEARDARIR BLHE BB R NFR IS UE, ISR AR TE,
SEHULVIMER BRI K2 Al P IR R IR
53 “HEEHRER” 5 “WERER” IHFER—ME

A= EESVGRN 2RI IR B AR
RGBSR IG R IR 2 L, 28BN 5 DAUERF
ROBURE., FFREM AUC BN EEL S, Hik
PRI FHEIE SOOI R P 245 R G A TR, i,
1 s R R 7 FH ) S B [ A 2 B i [X 3 LR g
i EEHE, MRS ZIFEENRSY KBk
RTREYIZ%; NEhi 2 E TR R RIREAN Y
K AUC, MiZREER R/ DT HEIGR RN B2 &
AR

AL, RIRTEARLHIE T N B4 H N AR fifi 2 A
Rl R EERGE, AR5 @FEA S 2KM
Wi, Pl AST TR RE S 4650 A BTHE 25714
BEIN R, Pr= TDM RO 500 I 7 E B AG: 0 25 SR
REMBHCE IR, 16)7 77 ReBE T SR, ARImAR I
K[t —20 5 | AR ZR 73T, BHAEFIRE P e
R, RTINS TR], BROA PARZ FR 35 45 Ry S 4 o

EVRTE, MATHL2 A5 R O Rl E 7
H “BEAIRIS EREE SRS IER A
“EVEREE A IESE. AR, Pl It EAIRK
Wit o SERS ATERK L HFRES — RS, 4+
AL B F IR U ; IR ST o s 2Lk
AR IR RS O RARFIN S5 2 05
K5 PRI R SR B RN & . RA#
PUXLET A4, L 2SI m SR B R A ]
REE L AR E IR IRIZTT RE o

6 =45
hEEC TR HE B RN S, RN 2. SERS,
SRS/CARS MY BHMMNZ ERFEANIKR, B

www.bsjn.com/mhcp/zh_Hans

R RENE LR IR IR 7y FHEEL, BESHIZE
BIREAIR; SERS EEHRIRE D TRMEES, N
TRARTE R RN PO S AR LAl ; SRS/CARS 42 =itk
FRUGIEE, b SRH BRETREY: S E e R
HR 2 W RIS R I PR UESE ;. YELF IR WIS
$i7 2 FH ARG ] AR AT R FR R A A

ENHEH, A0S FEARS T MR,
BRI, DIZHIER LSRR ; SERS IRIATE
KoiE & mfe NBER Qi & X 8hZASBETS ; Raman-D.O
S B B R BN 2 iR 3R B 2 R A TR R
12 WWITH IR SRR NI H Y IR E T E S
JEBUBNETIN, AT RO FIET S0.

AT lm R A E RS AR R NE S
SR, TEkiREl. BIRREEESE. AT
B REAA B AT R 5 S RO Tz AL RE DT DA IR PR T
TEREE G, NHEHFEEY OGS ZEE R EE
. [FA—BE LI SRR S S EdE it
IR, DAS AN A RS R IZ T PR RE i R
KRNI —HIFEACREE, SERS EL IS, Il
AR B ROERTE, BIEEES —HURRENZ
HULEERE, RABEIISIRS . N RSN UE R
FErLRTIE IR PO A RE, RIS, N
S SRR TAEE. W, EEMHAZEER
G, PR EE A SR Al A R R AR I BR i — 20
HEsWigikes, RN R EBES R, A5
SEERAENE DIRE., A ARIEFN n] 8 & 1T B 2L i
&= B, UIBR. HASUTRORNT R, FFoRA]
BIRRIRZEE, A REEETERM “ 80k
B 2| “RMFImR SRR RS,

AREGREXR R G EEN & LN EE—ER
R, B5t, MEREEZEIT PubMed. Web of Science
M CNKI, HPAHHESCCEONFE, RAGE & HAid
BRI SR SR, PTREFIE SR EIER R, 18
= mfa Nk #= . Hik, AN 2EFHRERE
AR, FREE, TCHRENSS bR/
FRPERER,  EB 2 #>4 F i R SR B B BR,
Al AR S ABGR T AR A LB £, R
HTERE Meta 7387, FHREICTIFTREZ RER,
2, HETER N PASSIE,

S5 Wk

[1] Movasaghi Z, Rehman S, Rehman I U. Raman
spectroscopy of biological tissues[J]. Applied
Spectroscopy Reviews, 2007, 42(5):493-541.

[2] Butler H J, Ashton L, Bird B, et al. Using Raman
spectroscopy tocharacterize biological materials[J].
Nature Protocols, 2016, 11(4):664-687.

[3] Kong K, Kendall C, Stone N, et al. Raman
spectroscopy for medicaldiagnostics—From in-vitro

https://doi.org/10.68070/cqdq1904



102+ B @I RIS TG R KR AT

biofluid assays to in-vivo cancer detection[J].
Advanced Drug Delivery Reviews, 2015, 89:
121-134.
[4] Pence 1,
instrumentation and

Mahadevan-Jansen A. Clinical

applications of Raman
spectroscopy[J].  Chemical
2016,45(7): 1958-1979.

[5] Wang Y, Fang L, Wang Y, et al. Current trends of
Raman spectroscopy in clinic settings: opportunities
and challenges[J].Advanced Science, 2024, 11(7):
2300668.

[6] Matousek P, Clark I P, Draper E R C, et al.

Subsurface probing in diffusely scattering media

Society Reviews,

using spatially offset Raman spectroscopy[J].
Applied Spectroscopy, 2005, 59(4): 393-400.

[7] Ermakov I V, Sharifzadeh M, Ermakova M, et al.
Resonance Raman detection of carotenoid
antioxidants in living human tissue[J]. Journal of
Biomedical Optics, 2005, 10(6): 064028.

[8] Kneipp K, Wang Y, Kneipp H, et al. Single
molecule detection using surface-enhanced Raman
scattering (SERS)[J]. Physical Review Letters,1997,
78(9): 1667-1670.

[9] Nie S, Emory S R. Probing single molecules and
single nanoparticles by surface-enhanced Raman
scattering[J]. Science, 1997,275(5303): 1102-1106.

[10] Le Ru E C, Blackie E, Meyer M, et al. Surface
enhanced Raman scattering enhancement factors:
a comprehensive study[J]. The Journal of Physical
Chemistry C, 2007, 111(37): 13794-13803.

[11] Panikar S S, Cialla-May D, De la Rosa E, et al.
Towards translation of surface-enhanced Raman
spectroscopy (SERS) to clinical practice: progress
and trends[J]. TrAC Trends
Chemistry, 2021, 134: 116122.

[12] Zumbusch A, Holtom G R, Xie X S.

in Analytical

Three-dimensional  vibrational imaging by
coherent  anti-Stokes = Raman  scattering[J].
Physical Review Letters, 1999, 82(20):
4142-4145.

[13] Freudiger C W, Min W, Saar B G, et al. Label-free
biomedical imaging with high sensitivity by
stimulated Raman scattering microscopyl[J].
Science, 2008, 322(5909): 1857-1861.

[14] Cheng J X, Xie X S. Vibrational spectroscopic
imaging of living systems: an emerging platform
for biology and medicine[J]. Science,2015,

350(6264): aaa8870.

https://doi.org/10.68070/cqdq1904

(15] =)0, £°F. 2 2 UM TR B TRER
I S IZ I AR 2E R (B AAREER),
2025, 53(9):
131-139.D0I:10.13245/j.hust.240040.

(16] JEIA, =R, A1, 5 T e ih 2 R
5t BB UGB B AR AR B 240U 1 0],
HLT- EAEIR, 2015, 34(3): 261-271.

[17] Orringer D A, Pandian B, Niknafs Y S, et al.
Rapid intraoperative histology of unprocessed
surgical ~ specimens  via  fibre-laser-based
stimulated Raman scattering microscopy[J].
Nature Biomedical Engineering, 2017, 1: 0027.

[18] Hollon T C, Pandian B, Adapa A R, et al. Near
real-time intraoperative brain tumor diagnosis
using stimulated Raman histology and deep neural
networks[J]. Nature Medicine, 2020, 26(1): 52-58.

[19] Bergholt M S, Zheng W, Lin K, et al. In vivo
diagnosis using Raman

of gastric cancer

endoscopy and ant colony optimization
techniques[J]. International Journal of Cancer,
2011, 128(11):2673-2680.

[20] Bergholt M S, Zheng W, Lin K, et al. In vivo
diagnosis  of using

esophageal  cancer

image-guided Raman endoscopy and
biomolecular modeling[J]. Technology in Cancer
Research & Treatment, 2011, 10(2):103-112.

[21] Blake N, Gaifulina R, Griffin L D, et al. Machine
learning of Raman spectroscopy data for
classifying cancers: a review of the recent
literature[J]. Diagnostics, 2022, 12(6): 1491.

[22] XEAE, HIEH, XRE LT N TERNAL S
WK REIE L W Fh B S e (0], P I 57
524 % ,2025, 40(12): 159-164.
DOI:10.3969/j.issn.1674-1633.20242008.

[23] Liu Y, Chen S, Xiong X, et al. Artificial
intelligence guided Raman spectroscopy in
biomedicine: applications and prospects[J].
Journal of Pharmaceutical Analysis, 2025, 15(11):
101271. DOI:10.1016/j.jpha.2025.101271.

[24] Sharma M, Li Y C, Manjunatha S N, et al.
Identification of healthy tissue from malignant
tissue in  surgical

margin using Raman

spectroscopy in oral cancer surgeries[J].
Biomedicines, 2023, 11(7):1984.

[25] Gurian E, Di Silvestre A, Mitri E, et al. Repeated
double cross-validation applied to the PCA-LDA
classification of SERS spectra: a case study with
serum samples from hepatocellular carcinoma

Bioanalytical

patients[J]. Analytical and

www.bsjn.com/mhcp/zh_Hans



PSR PRIZWHETT H Y BRI e - 103 -

Chemistry, 2021, 413(5):1303-1312.
DOI:10.1007/s00216-020-03093-7.

[26] Reinecke D, Ruess D, Meissner A K, et al.
Streamlined tumor

intraoperative brain

classification and molecular subtyping in
stereotactic biopsies using stimulated Raman
histology and deep

learning[J]. Clinical Cancer Research, 2024, 30(17):
3824-3836.
DOI:10.1158/1078-0432.CCR-23-3842.

[27] Reinecke D, Maarouf N, Smith A, et al. Fast
intraoperative detection of primary central
nervous system lymphoma and differentiation
from common central nervous system tumors
using stimulated Raman histology and deep
learning[J]. Neuro-Oncology, 2025,
27(5):1297-1310. DOI:10.1093/neuonc/noae270.

[28] XK &, £ AR PIEIS W & PSR
SRR EE T H——2 i 8 HA LGS
R ZE S 0] ERUR R 2SR GE, 2025,
29(2): 123.

[29] Lin Y, Zhang Q, Chen H, et al. Multi-cancer early
detection based on serum surface-enhanced
Raman spectroscopy with deep learning: a
large-scale case-control study[J]. BMC Medicine,
2025, 23(1): 97.

DOI:10.1186/512916-025-03887-5.

[30] Bellantuono L, Tommasi R, Pantaleo E, et al. An
eXplainable Artificial Intelligence analysis of
Raman spectra for thyroid cancer diagnosis[J].
Scientific Reports, 2023, 13:
16590.DOI:10.1038/s41598-023-43856-7.

[31] AHEE, A, B, 1 BOIBAE iR iZ
FY N FH A 9 ik R 0] B0 7 7K, 2023, 44(11): 1-6.
DOI:10.14016/j.cnki.jgzz.2023.11.001.

[32] XIERIR, B FFMR, MR E, 54 SRR
B2 W R IR AR 1], S R A%, 2024,
39(6):580-584.
DOI:10.13267/j.cnki.syzlzz.2024.086.

[33] Eifg ==, £S5, 2R, <5 1 8V HORTENK
R SR A ) R PRI SE L), FREDE A (P e S0),
2024,17(5): 995-1013.
DOI:10.37188/C0.2024-0003.

[34] Ji M, Lewis S, Camelo-Piragua S, et al. Detection
of human brain tumor infiltration with quantitative
stimulated Raman scattering microscopyl[J].
Science Translational Medicine, 2015, 7(309):

309ral63.

www.bsjn.com/mhcp/zh_Hans

[35MAI& L, VF 85 2=, MR, S5 3R I 1 5l 1 2 TS
K35 K B R BF 50 R (0] 06 B A &
fix ,2023,35(2):160-173.DO1:10.13883/j.issn1004-
5929.202302008.

[36] SR, BAERE, X 58E AL ECIERRIEIMRA
P E 12 W P B R F R R (0], R E R T IR
2025,40(11): 150-155.
DOI:10.3969/j.issn.1674-1633.20250310.

[37]Liu C Y, Han Y Y, Shih P H, et al. Rapid bacterial
antibiotic susceptibility test based on simple

Raman

surface-enhanced spectroscopic

biomarkers[J]. Scientific Reports, 2016, 6:
23375.D01:10.1038/srep23375.

[38] Yang K, Li H Z, Zhu X, et al. Rapid antibiotic
susceptibility testing of pathogenic bacteria using
heavy-water-labeled single-cell Raman
spectroscopy in clinical samples[J]. Analytical
Chemistry, 2019,

91(9):
DOI:10.1021/acs.analchem.9b01064.

[39] Liang J, Teng P, Xiao W, et al. Application of the
amplification-free  SERS-based CRISPR/Casl2a
platform in the identification of SARS-CoV-2

from clinical

6296-6303.

Journal of
19(1): 273.

samples[J].
Nanobiotechnology, 2021,
DOI:10.1186/512951-021-01021-0.

[40] Gross A S. Best practice in therapeutic drug

British Journal of Clinical
Pharmacology, 2001, 52(Suppl 1):
5S-10S.DOI:10.1046/j.1365-2125.2001.0520s100
5.X.

[41] Liu C, Weber S, Rong R, et al. Toward
SERS-based therapeutic drug monitoring in

monitoring[J].

clinical settings: recent developments and
trends[J].TrAC Trends in Analytical Chemistry,
2023, 164:
117094.D0OI:10.1016/j.trac.2023.117094.

[42] Goksel Y, Zor K, Rindzevicius T, et al.
Quantification of methotrexate in human serum
using surface-enhanced Raman scattering—toward
therapeutic drug monitoring[J]. ACS Sensors,
2021, 6(7): 2664-2673.
DOI:10.1021/acssensors.1c00643.

[43] Moradi H, Ahmad A, Shepherdson D, et al.
Raman micro-spectroscopy applied to treatment
resistant and sensitive human ovarian cancer
cells[J]. Journal of Biophotonics, 2017, 10(10):
1327-1334.

https://doi.org/10.68070/cqdq1904



- 104 -

BB RR WG T R B B0

[44] Deng X, Milligan K, Brolo A, et al. Radiation

treatment response and hypoxia biomarkers
revealed by machine learning assisted Raman
spectroscopy in tumour cells and xenograft
tissues[J]. Analyst, 2022,147(22): 5091-5104.
DOI:10.1016/j.apsb.2022.08.024..

[45] Huang X, Sheng B, Tian H, et al. Real-time SERS

monitoring anticancer drug release along with
SERS/MR imaging for
chemo-phototherapy[J]. = Acta  Pharmaceutica
Sinica B, 2023, 13(3):

pH-sensitive

early tumor microenvironmental changes induced
by immunotherapy[J]. Cancer Research, 2021,
81(22): 5745-5755.
DOI:10.1158/0008-5472.CAN-21-1438.

[47] Li J, Wuethrich A, Sina A A 1, et al. A digital

single-molecule nanopillar SERS platform for
predicting and monitoring immune toxicities in
immunotherapy[J]. Nature Communications, 2021,
12: 1087. DOI:10.1038/541467-021-21431-w.

[48] Ntziouni A, Thomson J, Xiarchos I, et al. Review

of existing standards, guides, and practices for

1303-1317.
[46] Paidi S K, Rodriguez Troncoso J, Raj P, et al.
Raman spectroscopy and machine learning reveals

Raman spectroscopy[J]. Applied Spectroscopy,
2022, 76(7): 747-772.

Research Progress in the Clinical Applications of Raman
Spectroscopy for Diagnosis and Treatment

Pan Xuetian

School of Physics and Electronic Engineering, Jiangsu Normal University, Xuzhou

Abstract: Raman spectroscopy offers considerable potential for precision medicine because it is label-free, highly
molecule-specific, minimally affected by water, and suitable for in situ detection. This review summarizes major
Raman techniques—spontaneous Raman, resonance Raman, SERS, CARS, SRS, SRH, and fiber-optic Raman—and
their clinical applications in early tumor screening, differential diagnosis, liquid biopsy, pathogen identification and
AST, intraoperative pathology and margin assessment, TDM, and treatment-response monitoring. SERS enhances
low-abundance biomarker detection; SRS/CARS enable high-speed label-free imaging; SRH plus deep learning
supports rapid intraoperative brain tumor diagnosis; fiber-optic Raman extends detection to endoscopy and deep
tissues. Al, microfluidics, nanomaterials, and multimodal fusion are driving clinical decision support. Challenges
include non-standardized procedures, limited SERS reproducibility, poor model generalizability, and insufficient
prospective validation. Future work should build standardized systems and multicenter databases, conduct
patient-level prospective validation, and integrate Raman with pathology, imaging, multi-omics, immune profiling,
and Al for integrated precision medicine.

Keywords: Raman spectroscopy; surface-enhanced Raman spectroscopy; stimulated Raman scattering; liquid
biopsy; precision diagnosis; therapeutic monitoring; artificial intelligence
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