®50% % 9H/2023 £ 5 A/HREH,

5 38 IMfed e sl 31297 W R BAS 18 5 Jeé Bl o g T SRR

AU TR B KR, R R RAE
UG 2 A8 A K AR A — B R B Med-X BIF 9T B 12k S S R AR ST T, BRVE P4 710049
FVG A2 W R A A — B S e BV A AR R 2 S AR AR SE hut, BRTT TE4E 710061
PG AR R — R R B RSN R, BEPE PEEE 7100615
VG 22 AR K AR — B R B O 6 sh iy R, BRIG PS4 710061

WE Ol R — R O OEROR & A D' A~ B SE AT S 1 3% O T RS 4 N B 25 BB ST s o IRIT ISR
PG AT AT RS 18 9K J T A 25 ot T 2 gt e A S8 T A, D6 2T BB % B 3 M oA U B TR AR R A o N B B
B 8l J197 ik RA 35 19 JR 07 RO B BR 7 E 3 T ™ iz BH T I TE PR BR 5 T P . ARSI 4 T OB
T IIRBOI B9 TN BT BT 1 AR Y 22 i, BT AR S BUR BT S W AR TR RIS B — 2T — RS B R TP AR TE R H R
(DAL, A T A BT 58 o AR SCHER 168 J12 7 AT AT 038 B 3297+ B8l PR BT SR, LUWI S 56 80 1Ry 7

RS AL R SRR B2 5

KR EADLY; St Jyriks St e W BEMNE N

FESES R454.2 XHERERE A

1 5 5

K3 197 (PDT) AR JE F 20 42 70 4E 4K, &2 H
I I PR I A 3 210 40 i K SF i B s e s R B E
e EE e E EE L E B AR E BT
B IE 2CAHE e BN B I6 7 I — TR T B B
N B MG AT S AR I & R 6 IE A IE A
S5 TE bR, PDT R 4% 1 F 6 TR 6 R0 Y B #E )
YR & 5 38 35 IR YT VR A, ke T T i O T A5 0
PEF ARG BF W RN BRI T ARG I RAEMN &
Az PDT W] DLl B 30 98 A0 16 A8 15 2IAR YA, g
W9 3RAS I B AL s L Ah B v LATE B & R AR
TS Uk e VE B

B BT A PDT Y S Bl Bh i 45 (R 50 8h 1
AR AN 5E 36 o B, 25w = N A 1R e
BETEIRIT WO T S A A BRI 4 i FLH L GG I
FEAE s K Ta) 00 BRI T PDT B 552 it A0 W 00 %) o
o KEWE T EJE PDT RORAE R0 . 4R, N
BB PR 0 AN W g 20 LR 6% T 4 b IR 95 T PDT 1Y
I R o A SCN N BB 4 R AR h & e sl i
7 R I, IF 4Rk T H AR I GE MU b B g2
7 I PR B b 2 8, DAY SR RS o 4K e PDT 42 4t

DOI: 10.3788/CJL221218

15
2 PDT s

PDT 525t SLHURH A > 7 LW 2 5T i e il
FRE o PDT 7n & AN &1 1R 7R, 245 4 E K iy 0t
M S5 UG SR T 4R B0 b R 8 07 IR 26 28 14 0l BRI i WO
TRE R IRAT IO A, 2 A A 25 R AT (o] 2 1 g
AE TR % 7 20 BRI (9 S8 20 1 O Fad . [T 8 S o 7= A AR A4S
SRR g T B BN AR M A e
PRSI PR At BEGE RO T M A B (ROS) .
ROS BB 45 5 P M B IR e, HAE FTHLAR g 2 1) % i
o 20 Y A T R LR B S L T A
2)) 45475 i JeA PR S AL A S PAY S AR R I A AR A 1 R
5 I SR 55 3) IS i 3 B A ATL A R T 48 RE A o, 7 AR AR
PE LN

Ot 8 J112 Wi (PDD) J2& F 1t 8l g &% 147 9
W —FP 7k o R B O EOR 32 B 5 2 K
D F5C B8 93O WA i RO B R A IO AR (] R 2
AR R CRE B A S R, PDD W ARAE A
9OLE W . 1R Wl 8, 1R A SN RO
AR R 2 2o o S v B O AT
PRIE o

i BHEA: 2022-09-06; 1B BH: 2022-10-22; RABHA. 2022-11-02; MEEAX HE: 2022-11-22
HEE&MB. By E S AE 8 (B W H (2020ZDLSF04-08 . 2022ZDLSF04-09) | P4 47 32 1 K 27 45 — Bt & B B BHT & 8 2k

4:(20212YTS-15)
BIS1E# . Thpang@mail xjtu.edu.cn

0907202-1


https://dx.doi.org/10.3788/CJL221218
mailto:E-mail:lhpang@mail.xjtu.edu.cn
mailto:E-mail:lhpang@mail.xjtu.edu.cn

E50% F9HI/2023 £ 5 B/HhE#N

photodynamic diagnosis
(PDD)

laser ligh\
irradiation

excited single state H

absorption fluorescence

ground single state

photodynamic therapy

(PDT) @ excited single state
absorption
laser ligh&
irradiation

ground single state

low oxygen
@ concentration
intersystem
crossing Typel
E@ 2
triplet excited state
Typell /¢
phosphorescence ( 102
O,
high oxygen
concentration

Fl1 PDTPDD Ay EL
Fig. 1 Schematic of PDT and PDD
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Fig. 2 Comparison of two types of video endoscopes during
laser irradiation™. (a) “ White screen” is displayed by
field sequential video endoscope; (b) laser spot can be

distinguished clearly by simultaneous video endoscope
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Fig. 3 Schematic of the tip of multi-channel endoscope (optical
fiber enters the body through exit channel of the

equipment)
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Fig. 4 Tllustration of flexible laser steering endoscope™”. (a) Schematic illustration of laser endoscope; (b) experimental setup
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Fig. 5 Operating principle of SAFE-3000"". (a) Operating principle of SAFE-3000 at white light mode, where a xenon lamp is used for
excitation light for white light mode, infrared light is eliminated by an infrared cut filter and white light is collected by the lens
and transmitted to the object through light guide of the videoendoscope; (b) operating principle of SAFE-3000 at
autofluorescence, where a diode laser is used as an autofluorescence mode excitation light source, the objective lens eliminates
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Fig. 6 Treatment course of a metachronous superficial early
gastric cancer located in greater curvature of gastric body
after ESD™. (a) Before PDT: O- 1l a+ Il ¢ (indicated
by arrows) and a scar after ESD (circle); (b) during
irradiation with an EDL using cylindrical fiber; (¢) one
week after PDT; (d) six months after PDT
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Fig. 7 Composite-type optical fiberscope (COF)“*. (a) Tip of
composite-type optical fiberscope with an external
diameter of 1.0 mm, where the red arrows show the port
of laser irradiation, the yellow arrows show the port of
image transmission, and there are a lot of fibers that
pass white light around the two ports; (b) composite-type
optical fiberscope has a straight-type laser probe; (c) image
of peripheral-type lung cancer lesion as visualized by
composite-type optical fiberscope (the red arrow shows

the tumor)
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Abstract

Significance

Photodynamic therapy (PDT) is a novel cancer treatment technique based on the local or systemic application of a

photosensitizer that selectively accumulates within tumor cells and peaks after a certain time. The photosensitizer can then be
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activated by light of an appropriate wavelength, leading to generation of reactive oxygen species (ROS). There are three main
processes by which ROS contribute to tumor destruction in PDT: direct cellular damage, indirect vascular shutdown, and activation of
immune responses against tumor cells. For deep luminal tumors, the PDT approach involves the passage of a flexible optical fiber
that can follow the naturally curving orifice of the human body to deliver the laser directly to the target tumor through the operating
channel of a flexible endoscope. Endoscopic photodynamic therapy has a good selective killing effect on tumors, resulting in a strong
curative effect. Endoscopic PDT is also minimally invasive, making it suitable for treating gastrointestinal and respiratory tumors.
PDT spares vital organ function while effectively removing tumor cells after treatment; therefore, it is a standard treatment option for
esophageal cancer and central lung cancers.

During PDT for luminal tumors, the endoscope, an important auxiliary device, can accurately identify the lesion tissue
preoperatively, provide a high-definition view in real time perioperatively, guide optical fibers to emit light toward the lesion, and
detect postoperative lesion response to evaluate treatment efficacy. However, conventional endoscopes display technical deficiencies
in achieving the above functions. Hence, it is important and necessary to summarize existing specific problems and the application

status of endoscopic technology in PDT to guide the development of photodynamic diagnosis and treatment technologies.

Progress Conventional endoscopes have some limitations and problems, such as invisible targets resulting from lens exposure
under the laser, deviations between treatment light and the observation field, leakage, and tumor tissue misdiagnosis. Here we
analyze the specific causes of these problems by briefly describing the basic principles of electronic endoscopy. We comprehensively
introduce the laser visualization endoscope during PD T, coaxial laser endoscope, and fluorescence diagnostic endoscopes and describe
the combination of the endoscopic systems of photodynamic diagnosis (PDD) and PDT, which were earlier separated and now
developed into integrated systems. We further introduce the integrated endoscope used for PDD and PDT.

Using the laser visualization endoscope during PDT avoids charge-coupled device (CCD) exposure resulting from intense laser
light and, therefore, whiteout; however, the real picture of the tumor can be restored. Prior studies have reported that simultaneous
imaging endoscopes are highly suitable for PDT. A coaxial laser endoscope, which couples the laser fiber and optical image fiber on
the same axis with the same view field and laser irradiation field, improves laser positioning accuracy. Fluorescence diagnostic
endoscopes include autofluorescence endoscopes and PDD-based endoscopes, in which the tumor and normal tissue are labeled with
different fluorescent colors. These have a higher diagnostic sensitivity than white light detection endoscopes. Photodynamic diagnosis
and therapy all-in-one endoscopes can realize PDD and PDT simultaneously, avoiding the inconvenience caused by switching
endoscopes, detect photosensitizer consumption, and judge the treatment effect. These new all-in-one endoscopes can be used for
PDT and PDD. The innovation of endoscopic devices plays an important role in the clinical practice of PDT, reducing technical
difficulty and operation time.

The endoscopy technology for the clinical application of PDD and PDT in luminal tumors has gradually adapted to the disease
characteristics. PDD is used to diagnose gastric cancer, allowing an objective diagnosis and not completely relying on the endoscopist’s
clinical experience. Thus, it is a promising tool for diagnosing early peritoneal metastases in gastric cancer. Moreover, the
simultaneous video endoscopy systems can image tumor sites in greater detail, improving PDD and PDT accuracy. PDT for
unresectable cholangiocarcinoma is usually performed with duodenoscopy guided by endoscopic retrograde cholangiopancreatography
(ERCP) and percutaneous transhepatic cholangioscopy (PTCS). Transoral digital cholangioscopy can shorten fluoroscopy time and
reduce patient and physician radiation exposure. Regarding central lung cancer, PDT can be assisted by bronchoscopy and
autofluorescence bronchoscopy. In peripheral lung cancer cases, the optical fiber can be placed under computed tomography or
magnetic resonance imaging guidance. Furthermore, a new small-diameter laser probe, the composite-type optical fiberscope, was
recently developed to enable non-invasive treatment. Blue-light cystoscopy assists in the diagnosis of non-muscle-invasive bladder
cancer and has been recognized clinically to resolve the problem of residual tumors after transurethral resection. In conclusion, these

new endoscopic devices make PDT and PDD more efficient, minimally invasive, and safe.

Conclusions and Prospects Here we summarize the clinical application status of PDT for luminal tumors. With the increasing
clinical demand for PDT, endoscopic technology will be continuously optimized for luminal tumors, featuring improving device
intelligence, minimally invasive usage, and modernization. The integration of emerging technologies will allow the products to

perform more powerful functions, making PDT more diverse and further improving its surgical quality.

Key words medical optics; photodynamic therapy; photodynamic diagnosis; luminal tumors; endoscope
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