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Fig.1 Cancer diagnosis by near-infrared (NIR) spectroscopy combined with chemometric methods
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PAAS 0 B A7 DT S B TR Al 2 TR Y 35 25 5, DA PP e B © AN AE S B AR A T 1 N7 0 2R
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1.2 SETREIRE T
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UERHR . Yim ST R AL LT S 40 PCA D7 ARSI R e K 7 22, SRIG 45 4 KOl
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2 AR B B A TE R | S B B3 4 RS T G AT , A B A2 2 H Y S, Shang 4517
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F2 T N T SEREC R LA BT E R 45 S AR R O TR, Liu 04 R T 1R 25522 M 45 (Shallow
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Fig.2 Recognition of cancer by NIR hyperspectral imaging (HIS) with deep learning
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1000 cell/mL [ 1E 5 Aili - Bz 200 it 090 o it 40 B 0 55 SR 20 A6 o 161 3A 9 4R et = 22l 7K i
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Fig.3 NIR spectra (A) and resolution-enhanced spectra (B) of the culture medium of normal cell (BEAS-2B)
and two types of lung cancer cells (A549 and H1975)
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Table 1 NIR spectral changes related to cancer

JEAEZETY W51 FHIER ESPUN
Cancer type Change of biological molecules Feature wavelength/nm Ref.
DNA 1 1467 [47]
FLIRSE Breast cancer Ji /5% Lipid | 1212, 1274, 1763 [47]
A Hi7K Free water 1 935 [48]
H#ESEE Gallbladder cancer 2 1 I Protein T 4050 [28]
. TR BOiEEAL 8 Abnormal N-glycosylation 1062, 1454 [49]
RIS I Prostatic cancer
F 17K Free water | 1444, 1944 [2]
S i Skin cancer 7K Water | ~1450 [50]

e TREERNE, | R .
Note: T represents an increase in content, l represents a decrease in content.

Hirosawa %5 7 X EHEK UG FUIRASUHAT T IROLITLLAMERAGIN | 2853 = B SRS SR /30t
i R A BRFLR 2 S P ) DNA FIK 4 35 da i T IR R AL i o & AR TR, it —20 R
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AN R IR BRI (RIS v | 38 4 % LR il i T 2R A 2o I A B | & IR SR AR AR 1Y
ULLT MGG FE 4050 em™ Ab (41458 B W 4k T 28 SRR AR 12 SO R T F B A ) C—N—C BReIR
B, FEWITERH A s 3 BRI Th R BT & AR . Vermassen 250 M T B A BLPEFIWE I g 6 3 0
FIRRA LRI LT AN | T R S OGS KB, 78 C—H A1 O—H AY4R SIS0 BEYE T P, R PR A
AV B 25 5 0 A 3 B 8 A B AL EL AR G . BRI i e DG 2T A6 R R
3. BRBTFIEZR A G0 ARS8 K AR AE bR &, AT T4 A AR R e AR 1 O
2.2 JKHAIETL
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52 JR (0 SRR R A5 A, KT 22 ) ) SRR 25 5 32 B 31 8 BB ER B 28 AR i | it LUK AE AN )k 2
R ORI REMAFE 2R . B TUEZLAMEIEXT K A AR A5 S BUR 50 FIr 5 RS AR AR T A R 2 A
SHEMEK I SRS , X FBOK B EHE SRR 19 & AL TP 225 1 . ST I, Tsenkova AFFE41
P T OKOGTE AR BIREE K RS M ISR A S — AR MR AR, DT PR A A A R oK AR
FH I SE I 5 S H R AR S W, AN, 1] FH G EE A8 Ak 8 K AR G T T 5 oo 2 2R 11 21 2 Ak iy ot
FRHLEE? S e K AR 2 A S A A L SR R AR VR AR ST IS 7 24 . Raypah 24347 T Hela 4
3FMAML IS, R IK AN [R) S A DA S SR BT . WK A A 0 A A PO T DX 53 200 R R I 8
Y A A

SRR PO AT I3 6 I B AR R i SR B BT pH (B . AR 8 LA R R 4 R
AT 1 e AR A O ik e R A 0 K A TR i L SR RIS RE , HE T S IR K A LD A s
AL 25 2R LA MRS T RS R 4 URE R F IR UK S i 22 57 45 R W] IR 80
K RS REATR , DR ZK 5 i LU IR R ZH SR e/ RS, 7K A W s g ) e A A 7 1 3% 517, Wi
SRR 2 K T SR A BN T, X 1T BEJR /K o0+ S5 4l s g 2L B AR W K o F A BAE R T
B, M, 1 R AR I B AT 5T 0 e RS kB € R B UK TP G 2 A A TR B . AR
M1} , 75 Chung 25149156 F 20 A GG I FLIRIE B0 5E i 2 B, FLIR 4L 8 ok i 2 R H A
TR L TR AH R, B IGIERT 1 K 3 B VRN — R R AR N e TE AR T 7 o

Jir 952 00 3 o 3 A 22 A P L R B W 0 B R L 0, M T S B 23T 22 i) B SR B S A K A AR A
Li 26150 e ] 290 55 5% 6 R0 S o 43 SV 0L 200 L A7 R4 i PN ) 3 B 8E 20T T BB pHL & A i s
B, 20 N AR BT AR Ak, 25 2 S/ N AR 4 AVl e /DN R [l U 8 N7, 1 e AT AR | ke 3 K Y
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Fig.4 Selected wavenumbers for the extra-cellular pH (A) and intra-cellular pH (B) models'®’

MC-UVE: ZH5:RIE M5 BASE 5k (Monte Carlo uninformative variable elimination); RT: BEALKEE (Randomization test);
CARS: o4 HEEE}JM}Y%ﬁ(Competitive adaptive reweighted sampling)
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HETB R AR S Wb AR TGSk IR LLAMDEERTC . PR S R A ER R
NI T o BT E I RS SR THT ZL AN C ISR IS W R P PERE . e TR B 27 ) U 12
SIS A , i AR B AL AU 2= 5 B AN OURER A A= My (AR TR 3 RE VR I3 e g
DIREII S, HRT, LN BOR TR 2 W7 AR SE 2 1T A WL UREAS SR, AEX T 2R 4
21, MR BRI A Wi A 58 B R, SE REAA BT 2 A AR AR AEAGIN B 38, DRt , 5 T (AU ) i
KA R BB TRt . T I LLAMEE R K 84 e RAUEE A KO 6 S AE A PR IBURAE AR S AL~ 2
oy Z R EAE IS B, T 2L C s 7 A A A iR 2 2 i b B BT ER AL RTS8 % . B
WFFERIABITR A TEREAH S B TE R IR HE— DA B2 | A PR M B AL 2 A E W R R4 5 2
RESR AL EE B 5 EOR IR

References
[1] BEC K B, GRABSKA J, HUCK C W. Molecules, 2020, 25(12): 2948.
[2] ALIJ H, WANG W B, ZEVALLOS M, ALFANO R R. Technol. Cancer Res. Treat. , 2004, 3(5): 491-497.
[3] YU G.J. Biomed. Opt. , 2012, 17(1): 010901.
[4] TSENKOVA R. J. Near Infrared Spectrosc. , 2009, 17(6): 303-313.
[5] JOBSIS F F. Science, 1977, 198(4323): 1264-1267.
[6] SAKUDO A. Clin. Chim. Acta, 2016, 455: 181-188.
]

[7] HANT, LIU J, LIU R, CHEN W, YAO M, LIU X, GE Q, ZHANG Z, LI C, WANG Y, ZHAO P, SUN D, XU K. Appl.

Spectrosc. , 2022, 76(9): 1100-1111.

[8] YANG Y, PAN T, ZHANG J. Am. J. Anal. Chem. , 2019, 10(5): 143-152.

[9] VITORINO R, BARROS A S, GUEDES S, CAIXETA D C, SABINO-SILVA R. Photodiagn. Photodyn. Ther. , 2023, 42:
103633.

[10] KONDEPATI V R, HEISE H M, BACKHAUS J. Anal. Bioanal. Chem. , 2008, 390(1): 125-139.

[11] WANG H, CHEN P, DAI J, LIU D, LI JING XU Y, CHU X. TrAC, Trends Anal. Chem. , 2022, 153: 116648.

[12] BIAN X, ZHAO Z, LIU J, LIU P, SHI H, TAN X. Anal. Methods, 2023, 15(39): 5190-5198.

[13] XU Z, TALPUR Z H, YANG W, XIONG Y, WU T, ZHANG Y, SHEN X, DU Y. Talanta, 2022, 248: 123608.

[14] CHEN Pu, DAI Jia-Wei, LI Jing-Yan, XU Yu-Peng, LIU Dan, CHU Xiao-Li. Chem. Reagents (Beijing, China), 2023, 45(6):

105-112.

Wiigk, Huafh, 2200, WA, X0, #8/0aL. At 2023, 45(6): 105-112.

[15] SAVITZKY A, GOLAY M J E. Anal. Chem. , 1964, 36(8): 1627-1639.

[16] EHLEN L, ZABARYLO U J, SPEICHINGER F, BOGOMOLOV A, BELIKOVA V, BIBIKOVA O, ARTYUSHENKO V,
MINET O, BEYER K, KREIS M E, KAMPHUES C. J. Surg. Res. , 2019, 242: 349-356.

[17] HURSKAINEN M O, SARIN J K, MYLLYMAA S, GONZALEZ-ARRIAGADA W A, KULLAA A, LAPPALAINEN R.

Appl. Seci. , 2021, 11(20): 9662.

[18] SHAO X, MA C. Chemom. Intell. Lab. Syst. , 2003, 69(1-2): 157-165.

[19] LEUNG A K, CHAU F, GAO J. Anal. Chem. , 1998, 70(24): 5222-5229.

[20] SHAO X G, LEUNG A K M, CHAU F T. Acc. Chem. Res. , 2003, 36(4): 276-283.

[21] XU X, HAN L, ZHENG Z, ZHAO R, LI L, SHAO X, LI G. Anal. Chem. , 2023, 95(4): 2221-2228.

[22] CHEN H, LIN Z, MO L, WU H, WU T, TAN C. Spectrochim. Acta, Part A, 2015, 151: 286-291.

[23] HANL,SUNY, WANG Y, FU H, DUAN C, WANG M, CAI W, SHAO X. Spectrochim. Acta, Part A, 2023, 289: 122233.

[24] ZHAI Wei, XIANG Yu-Hong, DAI Yin-Mei, ZHANG Jia-Jin, ZHANG Zhuo-Yong. Spectrosc. Spectral Anal. , 2011, 31(4):

932-936.

B, M ELL, ARRIHME, SR, Skl B3, i 5OEIE ST, 2011, 31(4): 932-936.


https://doi.org/10.3390/molecules25122948
https://doi.org/10.1177/153303460400300510
https://doi.org/10.1117/1.JBO.17.1.010901
https://doi.org/10.1255/jnirs.869
https://doi.org/10.1126/science.929199
https://doi.org/10.1016/j.cca.2016.02.009
https://doi.org/10.1177/00037028221092474
https://doi.org/10.1177/00037028221092474
https://doi.org/10.1016/j.pdpdt.2023.103633
https://doi.org/10.1007/s00216-007-1651-y
https://doi.org/10.1039/D3AY01636F
https://doi.org/10.1016/j.talanta.2022.123608
https://doi.org/10.1021/ac60214a047
https://doi.org/10.1016/j.jss.2019.05.011
https://doi.org/10.3390/app11209662
https://doi.org/10.1016/j.chemolab.2003.08.001
https://doi.org/10.1021/ac9803737
https://doi.org/10.1021/ar990163w
https://doi.org/10.1021/acs.analchem.2c03522
https://doi.org/10.1016/j.saa.2015.06.109
https://doi.org/10.1016/j.saa.2022.122233

1232 73 M A = %52 %

[25] ZHANG J, ZHANG Z, XIANG Y, DAI Y, HARRINGTON P B. Talanta, 2011, 83(5): 1401-1409.

[26] LIU N, GUO Y, JIANG H, YI W. J. Biomed. Opt. , 2020, 25(6): 066005.

[27] YIW, CUID, LIZ, WU L, SHEN A, HU J. Spectrochim. Acta. Part A, 2013, 101: 127-131.

[28] JANGE, VU T D, CHOI D, JUNG Y K, LEE K G, CHUNG H. Analyst, 2019, 144(24): 7236-7241.

[29] CHEN H, LIN Z, MO L, WU T, TAN C. Biomed. Res. Int. , 2015, 2015: 472197.

[30] ZUFRY H, MUNAWAR A A. Appl. Spectrosc. , 2024, 78(6): 627-632.

[31] ZHU J, YANG C, SONG S, WANG R, GU L, CHEN Z. Anal. Biochem. , 2023, 669: 115120.

[32] YIM A, ALBERTO M, SHARMA V, GREEN A, MCLEAN A, DU PLESSIS J, WONG L. M, WOOD B, ISCHIA J, RAMAN
J, BOLTON D. BJU Int. , 2024, 133(S4): 44-52.

[33] LIU X, AN H, CATI W, SHAO X. TrAC, Trends Anal. Chem. , 2024, 172: 117612.

[34] YANT, DUAN L, CHEN X, GAO P, XU W. RSC Adv. , 2020, 10(68): 41936-41945.

[35] DONGF,BIY,HAOJ,LIUS, YIW, YU W, LV Y, CUI J, LI H, XIAN J, CHEN S, WANG S. Food Chem. , 2024, 440:
138040.

[36] SHANG H, SHANG L, WU J, XU Z, ZHOU S, WANG Z, WANG H, YIN J. Spectrochim. Acta, Part A, 2023, 287: 121990.

[37] ZHANG X, YANG Y, WANG Y, FAN Q. Molecules, 2019, 24(12): 2238.

[38] HE H, YAN S, LYU D, XU M, YE R, ZHENG P, LU X, WANG L, REN B. Anal. Chem. , 2021, 93(8): 3653-3665.

[39] KHAN U, PAHEDING S, ELKIN C P, DEVABHAKTUNI V K. IEEE Access, 2021, 9: 79534-79548.

[40] MUNIZF B, BAFFA M F O, GARCIA S B, BACHMANN L, FELIPE J C. Comput. Methods Programs Biomed. , 2023, 231:
107388.

[41] LIUS, WANG Q, ZHANG G, DU J, HU B, ZHANG Z. Anal. Methods, 2020, 12(30): 3844-3853.

[42] ORTEGA S, HALICEK M, FABELO H, GUERRA R, LOPEZ C, LEJAUNE M, GODTLIEBSEN F, CALLICO G M, FEI B.
Proc. SPIE-Int. Soc. Opt. Eng. , 2020, 11320: 113200V.

[43] MA L, LU G, WANG D, QIN X, CHEN Z G, FEI B. Vis. Comput. Ind. Biomed. Art. , 2019, 2(1): 18.

[44] TRAJANOVSKI S, SHAN C, WEIJTMANS P J C, DE KONING S G B, RUERS T J M. IEEE Trans. Biomed. Eng. , 2021,
68(4): 1330-1340.

[45] FANTINI S, SASSAROLI A. Ann. Biomed. Eng. , 2012, 40(2): 398-407.

[46] GROSENICK D, RINNEBERG H, CUBEDDU R, TARONI P. J. Biomed. Opt. , 2016, 21(9): 091311.

[47] HIROSAWA N, SAKAMOTO Y, KATAYAMA H, TONOOKA S, YANO K. Anal. Biochem. , 2002, 305(2): 156-165.

[48] CHUNG S H, CERUSSI A E, KLIFA C, BAEK H M, BIRGUL O, GULSEN G, MERRITT S I, HSIANG D, TROMBERG B
J. Phys. Med. Biol. , 2008, 53(23): 6713-6727.

[49] VERMASSEN T, DE BRUYNE S, HIMPE J, LUMEN N, CALLEWAERT N, ROTTEY S, DELANGHE J. Int. J. Mol. Sci. ,
2019, 20(7): 1592.

[50] TRUONG B C, TUAN H D, NGUYEN H T. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. , 2013: 33-36.

[51] KINOSHITA K, MIYAZAKI M, MORITA H, VASSILEVA M, TANG C, LI D, ISHIKAWA O, KUSUNOKI H, TSENKOVA
R. Sci. Rep. , 2012, 2: 856.

[52] TSENKOVA R N, IORDANOVA I K, TOYODA K, BROWN D R. Biochem. Biophys. Res. Commun. , 2004, 325(3): 1005-
1012.

[53] JINENDRA B, TAMAKI K, KUROKI S, VASSILEVA M, YOSHIDA S, TSENKOVA R. Biochem. Biophys. Res. Commun. ,
2010, 397(4): 685-690.

[54] RAYPAH M E, MUNCAN J, SUDIK S, OMAR A F, MAIL M H, TSENKOVA R, SEENI A. Chemom. Intell. Lab. Syst. ,
2022, 227: 104611.

[55] HEIDEN M G V, CANTLEY L C, THOMPSON C B. Science, 2009, 324(5930): 1029-1033.

[56] LIUY,ZHANG Q, XING B, LUO N, GAO R, YU K, HU X, BU Z, PENG J, REN X, ZHANG Z. Cancer Cell, 2022, 40(4):
424-437 5.

[57] APOSTOLOVA P, PEARCE E L. Trends Immunol. , 2022, 43(12): 969-977.

[58] BARROSO E M, SMITS R W H, BAKKER ST C, HOVE I T, HARDILLO J A, WOLVIUS E B, BAATENBURG DE JONG
R J, KOLJENOVIC S, PUPPELS G J. Anal. Chem. , 2015, 87(4): 2419-2426.

[59] HOSONUMA M, YOSHIMURA K. Front. Oncol. , 2023, 13: 1175563.

[60] LIJ, LIANG F, HAN L, YU X, LIU D, CAT W, SHAO X. Chemosensors, 2023, 11(8): 425.


https://doi.org/10.1016/j.talanta.2010.11.020
https://doi.org/10.1016/j.saa.2012.09.037
https://doi.org/10.1039/C9AN01591D
https://doi.org/10.1177/00037028241232440
https://doi.org/10.1016/j.ab.2023.115120
https://doi.org/10.1111/bju.16226
https://doi.org/10.1039/D0RA06925F
https://doi.org/10.1016/j.foodchem.2023.138040
https://doi.org/10.1016/j.saa.2022.121990
https://doi.org/10.3390/molecules24122238
https://doi.org/10.1021/acs.analchem.0c04671
https://doi.org/10.1109/ACCESS.2021.3068392
https://doi.org/10.1016/j.cmpb.2023.107388
https://doi.org/10.1039/D0AY01023E
https://doi.org/10.1186/s42492-019-0023-8
https://doi.org/10.1109/TBME.2020.3026683
https://doi.org/10.1007/s10439-011-0404-4
https://doi.org/10.1117/1.JBO.21.9.091311
https://doi.org/10.1006/abio.2002.5649
https://doi.org/10.1088/0031-9155/53/23/005
https://doi.org/10.3390/ijms20071592
https://doi.org/10.1038/srep00856
https://doi.org/10.1016/j.bbrc.2004.10.135
https://doi.org/10.1016/j.bbrc.2010.06.007
https://doi.org/10.1016/j.chemolab.2022.104611
https://doi.org/10.1126/science.1160809
https://doi.org/10.1016/j.ccell.2022.02.013
https://doi.org/10.1016/j.it.2022.10.005
https://doi.org/10.1021/ac504362y
https://doi.org/10.3389/fonc.2023.1175563
https://doi.org/10.3390/chemosensors11080425

%5 9 IR B4 - ITLLAMEIRE BRI TR AEAS I A BT 1 % 1233

Advances of Near-Infrared Spectroscopy in Cancer Diagnosis

LANG Wei-Wei', LI Jia-Chen'’, DONG Lin-Yi', HAN Li"'
Y(School of Pharmacy, Tianjin Medical University, Tianjin 300070, China)
(The Eco-City Hospital of Tianjin Fifth Central Hospital, Tianjin 300467, China)

Abstract Near-infrared (NIR) spectroscopy reflects the vibrational information of hydrogen-containing groups,
allowing the detection of changes in components such as proteins and lipids in biological samples caused by
diseases. Due to the advantages such as rapidity, non-destructiveness and non-invasiveness, NIR spectroscopy has
been widely used in disease diagnosis. Malignant tumor cells exhibit significant differences in structure and
composition compared to normal cells, and abnormal metabolic functions cause changes in the composition of
biological tissues and fluids, leading to the variation in spectra. This makes NIR spectroscopy a promising tool for
detecting cancer. However, severe overlapping of spectral peaks in the spectra requires the help of chemometrics
methods to analyze the spectra and extract diagnostic information. This review summarizes the recent advances in
NIR spectroscopy technology in cancer detection, including the methods of spectral preprocessing, diagnosis
modeling and the development in NIR hyperspectral imaging combined with deep learning methods. The
quantitative information and structural changes of molecules in biological systems can be extracted. Furthermore,
the sensitivity of NIR spectra to water is utilized to analyze the content and structural changes of water induced by
cancer and its role in cancer detection.

Keywords Near-infrared spectra; Cancer diagnosis; Chemometrics; Quantitative analysis; Structural analysis;
Review
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