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Abstract Raman spectroscopy (RS) is a unique analytical technique that probes molecular vibrations, and provides
specific information about the structure and conformation of biomolecular constituents in biological tissues. Its
capabilities for fast, accurate, and noninvasive/minimally invasive analysis have facilitated clinical applications in
early cancer detection and pathophysiological investigations. Recent technology advancement in lasers, optical fiber
probes and photoelectric devices has resulted in new rapid Raman spectroscopy systems with significantly better
performance for real-time clinical measurements. Thereby, the scope and depth of its clinical usages have been
expanded and deepened with the manifestation of its scientific connotation and diagnostic value. This short review

provided an introduction to the theory and technology behind the development of integrated real-time Raman system
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for in wivo cancer detection. The perspective of its clinical utility, exemplified with skin and lung cancer detection,

was presented with the intention of providing a useful reference for relevant basic research and technical innovation.
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shown specifically in lung tissuet™
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Fig. 3 Raman probe designs for endoscopic and open-field biomedical applications

51 (a) Bevelled collection

fibers with in-line filter; (b) probe with front mounted filtering; (c) lung endoscopic Raman probe with first stage

filtering coating on distal tip and second stage high performance filtering at proximal end; (d) compound parabolic

concentrator Raman probe; (e) Raman probe for cervical disease detection; (f) Raman probe for skin disease detection
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Fig. 4 (a) Diagram of the integrated real-time rapid Raman spectrometer system for skin cancer detection;

(b) diagram of the specially designed skin Raman probe
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Fig. 5 Schematic configuration of the real-time Raman system for skin cancer diagnosis
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Fig. 6 Mean Raman spectra of different skin lesions

B2l (a) Full-range spectral results displayed from

500 em ™! to 1800 em™'; (b) spectral results plotted for lower frequency range only (500-1055 cm™ ')

show variability according to lesion diagnosis. AK, actinic keratosis; AN, atypical nevus; BCC, basal cell carcinoma;

BN, blue nevus; CN, compound nevus; IN, intradermal nevus; JN, junctional nevus; MM, malignant melanoma;

SCC, squamous cell carcinoma; SK, seborrheic keratosis
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Fig. 7 Lesion classification by Raman spectroscopy based on PC-GDA. Posterior probabilities for discriminating

(a) skin cancers and precancers (cancer actinic keratosis, including MM, BCC, SCC, AK, n=232) from

benign skin disorders (including atypical nevi, blue nevi, compound nevi, intradermal nevi, junctional nevi,

seborrheic keratosis, 7 =286), (b) melanoma (n=44) from benign pigmented skin diseases

(including atypical nevi, blue nevi, compound nevi, intradermal nevi, junctional nevi, seborrheic keratosis,

n=286), and (c) melanoma (n=44) from seborrheic keratosis (n=114);

(d) (e) () ROC curves corresponding to (a)(b)(c), respectively™?
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Fig. 8 Schematic of the endoscopic laser Raman spectroscopy system'™ . The inserts show the

arrangement of the excitation (red) and collection (green) fibers. The collection fibers were connected to

the spectrograph through a special round to parabolic fiber bundle to achieve better signal-to-noise ratio
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Fig. 9 Pictures showing images acquired by a bronchoscopy Raman system
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. (a) White light bronchoscopic image;

(b) blue light excited fluorescence image of the same location as (a), green is representative of normal tissue,

and dark red (center of image) is diseased tissue; (c) same lesion being excited simultaneously with blue light to

generate a fluorescence image and with 785 nm light from the Raman catheter, the field of view is about 2 cm

N Ji S 20 2 A8 i i 2O R R AR E R I
2775~3040 cm™ ' PEECE FIN B CH Fr iR sh =X,
W 10 Fr7R o I AR DU ek 7 o, 6 DA 80 37 95 £ Ak
WK 5] 280 {51 Jili 356 98 A5 $r 2 63, I X H A A 214
BEAT T L2006 BSR40 AT . X LI R AR AR o,
A MO B 03 i i E 5 A8 9 1], L 25 B B 4% B S i
RY R AR 5 2 U AR T T 0 2 B AR L WK T
VAR — R HEAT TG FRAE 23T 5 [RIAE , v 8 R o 21 40
B A T v B R T AR, B AH [ A R kR A IR T
PEIEEAE , WA 3K P 35 U9 Ry — 2R AT 2% 1 Ak R
JE A Ji (CIS) JIF o SR A LR /N (n = 2) s BB 5 3%
A S 5T P AR T L ORI T P R RE A 1 U5 R —
. 6 BYHLUEIEEEh £ b (B 10, FE R H g
W 43 A T 2850 em ' (I Wi R 5 A 26 CHL, i AR Hir fif
) .2885 em ' (IR Wi R 5 R 2 CH, XJ FR iz A 450) |
2940 em ' (R H B CH I sh 85 F1 5 5 R 5 g 2%
CH, X FRFLAF L) L 2965 em ' (8 Wi R 5 15 2% CH,
T P /A0 R BR P L2990 em ' (IB iR 5 18 2%
CH, I /AP FRALARED Fl 3020 em ™' (RCH =
CHR 4l il N= C—H A X FR A 46 Bk s, Hop R
IRF M T REFD {0 B AL

MIEL 10 7] LLF H o AS (5] fili 4 20995 #1A% fk 2 30
5 AR AR AR T R L T SR A A 2 (| 0 {7
SRR B A M A TG 1k v R I e i e L AR A
PRRR M, R, 76T R, R R A,
RS 2 A () 00 6 7 A o 3 2 22 I vt R ] B
AT T8 A A R 7 2 i BT 0 A ) 21 2 A Ak Al
B S5 AR A IR e RN 3 A 1, R

35— invasive cancer+carcinoma in situ o
— severe dysplasia+moderate dysplasia S
@ 3.0}~ -mild dysplasia+metaplasia S N
= hyperplasia =] |
2.5 inflammation
s ««-normal % | §
2 =3 N N
0 (=3
520 ] | .
> N
215 I [
E =) ] > S
£10f 2 ] 4 <
= 7 | '
050 | 2\
0 t‘\

2775 2825 2875 2925 2975 3025
Raman shift /cm™

Bl 10 A U A5 A [ i 5 75 4 0 10 - 2 0 8 0k 38
A 638 24 G il 2 F TG AR A7 09— fle Ak ) 7
Fig. 10 Mean Raman spectra by diagnosis (all spectra
normalized to their respective area under curve
before averaging by diagnosis) 1%

K PC-GDA Hl PLS J5 ik, I 45 & % 4 | A
(STEP) ™ i Xt g 45 fie /N i 655 F (LASSO) ) |
BB T (GA)YY 85y ik i 47 A8 L 7 DT 75
B EAG GoihHE 5 il g 20 20038 R, an i’ 11 B
TN o HEREM] PRI 505 2 A BOR AR I A 8] 46
ZURHIH ISR 2 5 g8 L 90 %0 LA I iy R U
F1 65 0 i R S L S0 B s B R AR (HGD) B
il 988 W) AT R %00 . M T AL % WLB 5 AFB 48 i
B G W U0 25 A B2 IS o BT O TR B N B
BRiZ Wi ik BRASAE 2 s PR PR AR RO 8 5 7 4H 41
(4 8 B St 2 OGS R 5L IR HGD I il Ji 1)
G AR AR v 1.89 A%, A B AT HR A 3.82 A,

6 4 53

2 200 7 5 R R MR DR R T R DL BUR G

0207002-10



h 5| W ot

ia) 10p wezaw (b) 1.0 s S— © 5 (I)Z |
= e % 0.9) g g 0
z 08 : 0.8 gt £ o8
= »~ 7 = Y.
28 06l = % E’ 0.7[ | - =
a% ’ = 0.6 HGD & malignant vs 8 047
S:E 0.4 g 0.5/ benign & normal 13 02|
8 g 0. % 0.4 |/ (n=72 vs n=208) 8 8 .
2 02 0.3F area under ROC curve: 0.88 ~
3 - 95% CI: 0.84-0.92 S & > .o & &
] 0.2 P<0.0001 O T Fa F S

0 0.1 .AQ> &\&\‘ﬁ\& & é’&

02 04 06 08 10 F SESES & F
1-specificity S @@ & S \é,\q’
&

K 11 3F STEP PC-GDA J5 1% B 7 8 Y6 13 % 1) il 25 41

ARFREE L Ca) VA 2 S R AR i Ak (Rt 72 4

45 HGD, CIS g i M e ) A1 R P A8 (3t 208 i) AL 56 2 B2 38 A A 200k A (9 A 0 FIE 5 1 40 I R K
(O T4 B G B R ROC k5 95% CIMH ; (o) MRAGHR AE R B 2R i F T 27 J5 Bt 28 43 A 1 4 42 [
Fig. 11 Lesion classification by Raman spectroscopy based on STEP PC-GDA* . (a) Posterior probability plot

for distinguishing cancerous lesions (HGD, CIS and invasive cancer; n=72) from benign lesions (mild dysplasia,

metaplasia, hyperplasia, inflammation and normal; n =208); (b) ROC curves and 95% Cls derived from

the posterior probabilities; (¢) box plot representation of the posterior probability distributions according

to lesion subcategories
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