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Fig. 1 Overview of intelligent precision optical theranostics technology and its typical components

2 HiptEizlr

WO H W T 45 B 2 3 BUE T X T AN [
() AR RS OB B AR B T g . 7R 286/ hi 2
GBS T TR 7 AEOG R S RO T W2
BAG T 7 A T W A5 5 s 7675 R P UR IR 2
A=A S . ANE R RS T R 2R A
A5G R BAE AL B RO O Ak
BEEES L IE 2() iR . HEUP R A 4 B A
G BT, A0 34 D il e OO T e R R A A%
7NN &N ARG 4= N NN /o0 - & R | e
Hb A A 2 B AMMIR 2 S A HL A FE IR A5 0 AL DX S R
SE BN, WD EZ BN 5-F 3 LR TN IR (5-ALA) i
SR R AN IR IX (PpIX) M 4% (ICG) &, &
MTEEW — 5 B K 22 5 43 & o e K 1Y
P L I X — R ok JBR AT A T 4 21 v R O e
VAT 1) 5 b Bl 3 X — 2 3 T P 2R A 1 9 O T AT
1%, ST 5 8Uh BRSO AR
it 2 75 A B A8 4K L 43 Sy P O N R P
S5 T L 2 R A — A S R R T 4

R B A5 B AT U S 7 S O b A S R 0 (R R
RS E W S AT R R AL R L TR T
T 2% S0 5 U 2 e ) T O S AR G A AU T 1
RSO 5 56 1 3 20 S O 7= 22 T 9 A A i — 2
TR JEE T 1R P9 A9 2 060 DI 9 5 1) B o 2 280 78
FIR AR R B 2L = e g ka5 B . Yk abersh
WO IR ST Uy ZHEU P R B (R | ML 212 1 25 ) 5
MW WSCOG RE - 2 LRI R 7 A 7 O, T S 2R AU A% G
FE UG RN T o T AR 2 0 2 U AT U T
PR Z RO B X A A5 7 sUAT il T 2 gt
JAG T 2E 2% D 118 5 AT R R U R 11 TR R A
T2 OB A P B 2 R R B
B AR EE TARW BN A 2(b) s EfilE &
Wz F B I PR S PR i A U8 o B OAR S ST R ) 4P
A IR PR 2 W o, LR R 22 I A R OR 28 B 0 1 Y
Wk, [RIE X F297 — AL i R G0, 2 B3, [ 3
o AR B0 b 30 5 R i A L DR 0 B 2 3 TR K R Y i A
T HLA B Y BE 112 Wy ik, Bl an A L 2% 2
JrE Ko B S IE W AU P& A5 5 . AR ) 5
LR e W T Ik IR T A

1507002-2



fluorescence i~

#4835 £ 15 H/2021 £ 8 B/ E# ¢

l.

optical coherence tomography

light source
reflection
photoacoustics
,/ fluorescence ultraviolet
I
scattenng
refractloh\
; ﬂuorophore 0
absorption

B2 St g 52 W BoR R BIE

photoacoustic imaging

(a) 't 5 LU0 i AR ELAR T 5 (o) AR [] 38 B B4 0t 2 AR B R

Fig. 2 Schematic of optical imaging and diagnosis technology. (a) Representative light-tissue interactions; (b) optical

imaging modalities at different wavelength ranges
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Fig. 5 Automatic laser scanning ablation system and laser ablation results™”

. (a) System configuration; (b) manufactured

laser scanning ablation device; (c)—(e) brain tissue ablation experiment and laser ablation results
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Fig. 6 The development of intelligent precision optical minimally invasive diagnosis and therapy platform
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ablation results on brain tissue

[125]

1507002-11



#4835 £ 15 H/2021 £ 8 B/ E# ¢

B & 6 2 8 314 008 20 98 R RO 4 B
PG AR 5 WO TH BB OE AT OB S LA
PURE a7 1 B 1 45 449, 38 BE 0% bk 53R 7 512 Wi ol i
() REHE  SE LT JRALZYT . Lazarides 50
LUMO15 2GR B A1 O i 953 09 40 180 A 35 49 - i
AR5 K B 35 Ol B SO T Fl X b R kL 2 AT
B o 75 B 2R B /0 BB R 1 T 9 R EOR
TIE B2 2 48 BE 06 B R BIR B2 Ml 5 3% 5 A iR EL O 47
MAEFRHAL LRI TR E LAFER. S

—

Labelling with luciferase

ZRA B R B9 B BRE 2453 0 B I 42 T
SRR REMR B . Fan 500 W6 1K A4 9 & e L
BE IO T Bk 51 = HOETH RGN R
TN R R BORG KE T BE O I R AR AL
RIBEE B 9 Pros. YRR RO 2 )R
9 e 88 A3, WU 1 32 15 U BE 8 41 L v 20 kA 110
o ek 120 Bl i OG-2H U A TR A 3 Y
TH Rl 5 A2 B0 KL RE 8 52 X b R X R 3 Ak
T,

Human

Brain
Tumor

and GFP
laser and

tumor boundary

Increasing radiation power P and

Ablated path in Ex vivo Measurement

Bl 9 BT 2R W R R ANROE F W OB 2 T 5 WG T Rl A 7 A BB RO O 24 1297 R G I IR A A
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with whole body bioluminescence imaging and a TPM imaging module
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Research Progress in Intelligent and Precise Optical Diagnosis and
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Abstract

Significance With the growing demand for health care and the development of medical examinations, more
accurate and minimally invasive diagnosis and treatment technologies have received extensive global attention.
Currently, a rapid and effective intraoperative diagnostic method is still lacking for major diseases in clinical practice.
Traditional medical imaging modalities, such as magnetic resonance imaging, computed tomography, ultrasound
imaging, positron emission tomography, and single-photon emission computed tomography, are commonly used to
present the global anatomical structure or functional information of human tissue, but their resolution is too low to
show fine structures. Histopathological examination is the gold standard for malignant tumors and other diseases,
which detect pathological changes in cells on a microscopic scale with the best accuracy. However, the process is
complex and time-consuming and depends on the distribution of biopsy samples; therefore, it cannot cover a wide
range of tissues. In addition, diagnosis and treatment procedures are relatively independent, leading to the mismatch
of preoperative and intraoperative information, and surgical operations largely depend on the personal experience of
surgeons.

Represented by emerging optical imaging and spectroscopic methods, biomedical images at mesoscopic and
macroscopic levels provide a good foundation for multimodal rapid and precise diagnosis, such as optical coherence
tomography, two-photon microscopy, photoacoustic imaging, Raman spectroscopy and microscopic imaging, and
fluorescence spectroscopy and imaging. Because of their excellent real-time performance, high accuracy, and
resolution in intraoperative use, many of these methods are known as “optical biopsy”. In terms of treatment,
optical methods with high spatio-temporal selectivity, such as laser ablation, photodynamic therapy, and
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photothermal therapy have gradually entered clinical practice. At the same time, the development of computer
vision, precision instruments, automation, and other research fields has promoted more intelligent, accurate, and
personalized diagnosis and treatment technology, including artificial intelligence-assisted medical image processing,
minimally invasive surgical robots, intelligent treatment planning, and navigation. On this basis, by combining
optical imaging and treatment, we can build an intelligent theranostic system, which can break down the barrier
between traditional diagnosis and treatment, improving the current surgical process. The accurate intraoperative
diagnosis results are directly used for treatment planning and control, which can achieve intelligent, quantitative,
and accurate lesion clearance. These emerging technologies are of great significance for the diagnosis and treatment
of tumors and other major diseases in clinical practice. Therefore, summarizing the existing studies regarding
emerging optical theranostics technologies is necessary to guide the future development and clinical transformation of
this field.

Progress In this paper, the research progress of intelligent precise optical diagnosis and therapy technology,
specifically for malignant tumor theranostics, is reviewed based on three aspects: 1) optical imaging and intelligent
diagnosis methods (Fig. 2); 2) precise optical treatment methods (Fig. 4); 3) optical diagnosis and therapy
instruments and theranostic methods (Fig. 6). Through intelligent optical diagnosis, the location of lesions could be
automatically determined through computer-aided image processing, and we can plan and control precision optical
treatment using theranostic algorithms and hardware systems. There are various optical imaging methods used in
clinical or preclinical experiments, and some clinical optical diagnosis standards are established preliminarily.
However, most doctors have not been trained to read optical images (or spectra); thus, computer-aided automated
or quantitative diagnosis is currently the most appropriate method (example given in Fig. 3), which involves
quantitative parameter extraction, machine learning, deep learning, and other methods. We focus on several
conventional mainstream optical diagnostic modalities with intelligent diagnostic algorithms, including fluorescence
and imaging spectroscopy, Raman spectroscopy and microscopy, optical coherence tomography, and photoacoustic
imaging. Then, we describe several emerging optical treatment methods, including laser ablation, photodynamic,
photothermal, and other light-activated therapies. Precision theranostic devices and methods are divided into four
categories and reviewed: imaging field enlargement, improving image quality, multimodal imaging, and the
integration of diagnosis and treatment.

Conclusions and Prospects Optical diagnosis and treatment of major diseases, especially integrated diagnosis and
treatment technology, can considerably improve the clinical processes and treatment prognosis. We expect that
intelligent, quantitative, and accurate optical diagnosis and treatment technology will play a more significant role in
human life and health, promoting the development and progress of clinical diagnosis and treatment of malignant
tumors.

Key words biotechnology; optical diagnosis; optical therapy; integration of diagnosis and therapy; minimally
invasive theranostics
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