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Fig.1 Treatment process of photodynamic therapy™
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Table 1 Clinically trial/applied photosensitizers

Name Wavelength /nm Administration route Current status
Hemoporfin 532 I\ Approved
Sinoporphyrin sodium 630 v Clinical phase [II
Verteporfin 689 v Approved
Porfimer sodium 630 IV Approved
Redaporfin 749 |l Clinical phase I
HPPH 665 I\l Clinical phase 1
Temoporfin 652 v Approved
Talapophen sodium 664 |l Approved
Chlorin e6 660 I\l Clinical phase I
Suftalan zinc 670 v Clinical phase I
5-ALA 635 Topical Approved
MAL 635 Topical Approved
HAL 635 Topical Approved
Padeliporfin 753 v Approved
Akalux 690 v Approved
Rostaporfin 664 v Clinical phase I
TLD-1433 520 Intravesical Clinical phase I
Hypericin 590 Topical Clinical phase I
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Fig.3 Structure of photosensitizers commonly used in clinic
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Table 2 Categories and characteristics of photosensitizers for typical clinical applications

Name Structure Indication Advantage and disadvantage
Porfimer Bladder cancer, esophageal
sodium . cancer, and lung cancer Clear structure, small side effects, and poor light
. Porphyrin . . . . . .

Verteporfin Choroidal neovascularization absorption in the near infrared region
Hemoporfin Port wine stain

5-ALA Verruca acuminata

. Solar keratosis and basal cell Good safety, non-invasive, and poor effect on
MAL Porphyrin precursor . y . P
carcinoma deep lesions
HAL Bladder cancer diagnosis

Head and neck cancer, prostate

Temoporfin .
cancer, and pancreatic cancer

Long maximum absorption wavelength and high

Chlorin S .
Talapophen molar extinction coefficient

. Early lung cancer
sodium
Akalux Phthalocyanine Head and neck cancer High tumor targeting

o Palladium-coordinated Good water solubility, hlgh targeting spcgﬁcﬂy s

Padeliporfin . L Prostate cancer fast clearance rate, high safety, causing
bacterial chlorophyll derivatives . .
hematuria and other adverse reactions
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o} (0] /O
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OH OH
HO
o OH .
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HO e 0”7 OH o]

porfimer sodium verteporfin hemoporfin
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Fig.4 Structures of porfimer sodium, verteporfin, hemoporfin and 5-ALA and its ester derivatives

B A R R AT T HpD 56 3h 1A T IR R
SRR ZIRIT T IR AR E R R P BRI T
B RIRIT AR o 6l 1y Tk R s A IR YT
T HAh I i 1 TC TR R AE R E . HpD 3%
RWA LY Sy 405 nm, O R ECH 0.126 mL-cm '-pg '
2503 1 oA B E ST R, HpD 78 i A 1 3 2141
B W 0 L SR =10, 78 1E #4123 /9 HiF 8RB a) ol 24~
72 h, FEZFAE BB AR . HpD A9 S5 8 455
ARG 25 25 )5 85RO 2 B0 H G BE | Rz KOG R R
A B 8 20T 1 LR RO 80 o R 2 B ) g 4
Wk My 1 #4 (porfimer sodium) , X KOG E I , &
HpD 4L )5 09724 . 16 HpD i 5L BT 58 v, 32 5 R f
B, BF5E AR — AN 28 HpD 19 BAR 4 7y . R4t k&

P PR bk B (DHE ) & HpD 9 32 24 8% i 4y, Ho i &
MRS Y BRE A 45%~50%""", e & 11 oF DHE
AT A 1 R 2 BOAE 80 % A E o 1993 4F w4}
B g R QLT A FIERA =, AT, ihwy B 2 bk
HeAE 697 s e B A O e H TR K
JBR S AR 5 8l T iR 9T T e R R OB OR . 7E H RT i Il
PR, P wy i 4k B 3 22 00 A, a0 BB T 22 1 R
U KL RTZER AR (AR B — i
A1) PR R 2 AR RTR S, BN AL A
FEIC 3N TR T T EAE R VR M AN TS 2E 5 2) I A A
630 nm Ab f W ' BE AR H AE 400~500 nm A&k (1) W YA 4
FLRECT KR R RS, B R S T B
4~6 8 53) X AR 2R FR AR 5 4) A RUR YT BT

0907007-4



E 514 F9HI/2024 £ 5 B/ E#N

B LR IR

W 5) FMHE R E 2154,

YRR TN 5 R I IR 55 — P pl L v I8 7 k4 i
B A LA (CNV) [ G EEGR) B0 EL B 145 08 A G 1 75
BEAR M (AMD) AEPE I L bk 46 508 A 148 21 2L 2K
G 38 IR AT o BT 4RI Y 6 3 G 9T )
CNV 1y 3 280 05 8\ o 2 4 k& T CNV 1y 1 48 14
FEC L MR SF LG A AR B T8 2 AR S
i 2 IR 1K 2 B NG AR P 2 R B4 40 (s AR i A Y Rz 4
) BEEL . 4 689 nm BOL BE B, 4E B IA O & Ak
TR S N, 7 A LR IS ORI 5 PR R, i A A TN R
PR, IR B A0 A o 4 28 I v B e K B
FE 25 ) W Ik i T 4 RO T BRI LY 6 he B PR
R A5 BBORI TR R 388 0T B A I PN R 0 3 B M A 1
Al e TR B /N TR R 8 2R B2 (RPE) AT
JES f 52 i) [) B A T 4 B BB R A RS AR
A58 TR 97 9 RN & RPE 653 45 #1145 P4 %€
RN, 38 2o P IR YT SR DA AR X BN )R N . 3T
ARk I AE PN R AR DR A0 a5 B R b BRI T
i N S PASS b AR R RN DAt I (S 2= S PASS ¥ AR R i
AT5 AT T e P 9 ik 2% R R B 25 (CSCR)
ik 4% 1S L 657 68 R EL PR IR ik 4% IS I 4 9 AE (PCV) 45 958
LR A

T BRI 25 0 Ak 2 41 43 Sk i R ok 2 R ik (HMIME)
B — AL — RS R B RO I R R
B T 21 BEFE (PWS) B9YRYT . PWS R BN —Fh B
B 76 40 1 A8 R R A0 I A TS R Ik IS D a0 R
63 J1R 57 PWS I, 8 bk 45 25 )5 HMME % 1L 45 i 2
2] b G 2 05, AR 2 Bk L Rz i A A ) S5 RN 3R R 4
W %5 532 nm BOE IR GY S 9 28 145 PN 2 4
A B LR S SR IR, DT 2 % 2 b B IR W T 6 4 I A
B, HMME HA 78 14 P 4 A 1 38 B IR () % ok
e AmA I aRIERSRA ESRITT

ARBRE LB, CHE SR KER(ERE KT
5 em) R AL .

ST R (5-ALA) & —Ff N 5 M E 2R 1 I & 5
PR, M FLsh ) & B 4T R A A B gk E AR iR 1k
A, A AR E 2 A2 BB IR ik IX(PpIX)'™ . PpIX
26 400 nm A2 A7 OGOk I S e AR R BN 4T (8 90, &%
215 S R B R A Bl T IO 7R AR B AR, T A
B =B T s iz ir™ . S-ALA WS 257 XN R
ERM L, 5-ALA 2535 KKk HF AL 7E I 40 R 2R
Y16 B 5 02T 2 K A A A o R e R A
AU T Z Ak PpIX . ALA-GE) Jr e sl
TRIT FE IR AN AR ALk M AR R AR E R O A
P R T €0 BE A — 2 At B R . R T R R
B Bz T b i ALA A PpIX #) &, 52 800 4 19367
B WFIE N BT & R O 8 12 W AR I
ALA Fg 57 4= %) - ALA g (MAL) il ALA C fig
(HAL). ALA W EEFIALA C Fg7E B JTk 86 15 b il iz il
R L, HoE A S e L PR Bk 2 O R AL AR R
5-ALA, 1 J& #f — 2 5648k PpIX™ . ALA H g 2 7
DI AR A5 I R 2 FH 128 T, FH A 7 3 AN 3 FH A T 5
A3k Bz i Bz Bk (BCC) LA K 0 s 3E A Ak BE A
I 2 e bt M Ak (AK)™ . ALA C g€ I R I
B FH T 1% Jbe 98 0432 i
2.2 SN RS EF

Ny B AR Y A AN RS A 2 — 114 3, A4
EEA A SR T R SR T ] — A R AR B
B GRR aMREREMR W —. ZANw LHATE
Yy R B AR B R RE B ) R S v DA
YERINGIE A 32 AT . (H2 3 22 1K 1
I 1 P9 T B R R i OB ORI A ke S . HAT L IR R
i FH 9 A Wy 2O RN A B BT JF (m THPC)
MFLIA 258 (NPe6) &5, & 5 s o

talaporfin

K5 B siin sy (40) RABRIA 2840 (4 i 2544
Fig.5 Structures of mTHPC (left) and talaporfin (right)
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Day 1 - Infusion into body
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Fig. 7 Combination of tumor-targeted antibody and photosensitizer. After in vivo administration, irradiate the tumor with non-thermal

red light (690 nm), resulting in anticancer activity mediated by biophysical processes that disrupt cell membrane integrity™”
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Fig. 8 Structures of suftalan zinc, hypericin, rostaporfin, sinoporphyrin sodium, HPPH, TLD-1433, and redaporfin
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Table 3 Categories and characteristics of typical photosensitizers in clinical trials

Name Structure Indication

Advantage and disadvantage

Suftalan zinc Phthalocyanine Esophagus cancer

.. . . Cutaneous T-cell
Hypericin Viscous cycloquinone
lymphoma

. Tin-coordinated
Rostaporfin . .
anthapurpurin derivatives

Sinoporphyrin

. Esophagus cancer
sodium phag

Porphyrin

HPPH Chlorin Oral squamous cell

carcinoma

Metastatic breast cancer
and Kaposi’s sarcoma

Amphiphilic properties, high singlet oxygen yield, causing
adverse reactions such as abnormal liver and kidney function

Poor solubility and high singlet oxygen yield
LLong maximum absorption wavelength, having skin

phototoxicity

Clear active ingredient, good water solubility, and small toxic
side effects

Long maximum absorption wavelength,small toxic side
effects, short time of avoiding light, causing adverse reactions
such as retrosternal pain
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Fig. 12 Chemical structure of PcAF and its self-assembly to form NanoPcAF"™
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Fig. 13 Schematic illustration of lanthanide-triplet energy transfer™ ( Spectral diagrams in image A showing: (I) Forster resonance

energy transfer (FRET) through overlapped donor emission and acceptor absorption; (II) direct lanthanide-triplet energy

transfer (TET) from a 4f excited state of a lanthanide ion and a triplet state of an organic phosphor. Schematic illustration B

displays the proposed direct triplet sensitization process in a NaGdF, : Nd-Ce6 hybrid system. Note that the absorption (Abs)

of Ce6 and the photoluminescence (PL) of NaGdF, : Nd show no spectral overlap)
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Fig. 14 Schematic illustrations of co-assembly of emodin nano-drugs for efficient anti-cancer TPE-PDT"". (a) Preparation of Emo/
HSA NPs by co-assembly strategy; (b) Emo/HSA NPs mediated efficient anti-cancer TPE-PDT
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Abstract

Significance Photodynamic therapy (PDT) is a novel treatment for superficial skin diseases and tumors. The basic treatment
involves administering a photosensitizing agent through intravenous injection or other methods, and then stimulating the lesion with a
specific wavelength of light. This photodynamic reaction, facilitated by the photosensitizing agent, effectively cures the lesion. PDT
uses the photodynamic effect for diagnosing and treating diseases. Its mechanism is based on a photosensitization reaction
accompanied by biological effects that includes the participation of oxygen molecules. This process involves irradiating a laser of a
specific wavelength to excite a photosensitizer that has been absorbed by tissues, causing it to enter an excited state. Then the
photosensitizer in the excited state transfers energy to the surrounding oxygen, resulting in the generation of highly active singlet
oxygen. This singlet oxygen undergoes an oxidative reaction with adjacent biological macromolecules, inducing cytotoxicity, and
ultimately, causing cell damage and death. Over the past 20 years, PDT has emerged and developed as a new treatment technology
for diseases such as esophageal cancer, lung cancer, condyloma acuminatum, acne, and nevus.

Compared to traditional tumor therapies such as surgery, chemotherapy, and radiotherapy, PDT offers unique and irreplaceable
advantages. It is non-resistant, allowing for repeated treatment. PDT exhibits high therapeutic selectivity towards the lesion, causing
little to no damage to healthy tissues, and has only a few toxic side effects. Consequently, PDT is especially suitable for elderly and
frail patients who are unable to undergo surgical resection or chemotherapy. In particular, for patients with advanced tumors who have
not responded effectively to or are at risk with traditional treatments, PDT is an extremely ideal treatment option.

Different types of molecules can be used as photosensitizers; however, many of them face challenges in clinical application,
including limited penetration depth, low solubility, dark toxicity, and a high dependence on oxygen concentration. Therefore, more
efficient and safer photosensitizers need to be further studied and developed. Currently, the focus of research and development of
novel photosensitizers lies in target modification and smart nanomedicine delivery systems to achieve minimally invasive and specific
therapy. An excellent photosensitizer should be capable of achieving precise lesion killing at low doses while having a minimal effect

on other parts of the body. In the context of PDT, the application of novel photosensitizers is undoubtedly a key factor in further
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improving the therapeutic effect.

Progress The earliest photosensitizers used in PDT were hematoporphyrin derivatives, with the main component being
dihematoporphyrin ether (DHE). Sodium porphyrinum, marketed by Canadian company QLT (Quadra Logic Technologies
Phototherapeutics Inc. ), has received approval for the treatment of bladder, esophageal, and lung cancers. It has become the most
frequently used photosensitizer in the PDT of non-cutaneous solid tumors. However, it still has certain disadvantages, such as long-
lasting skin photosensitivity and low selectivity for lesion tissues. Subsequently, a wider variety of photosensitizers have been
developed for treating various diseases (Table 1). There have been many studies on both traditional and novel photosensitizers.
Porphyrins, chlorins, phthalocyanines, and bacteriochlorin derivatives have been employed as photosensitizers in clinical use (Table 2).
Viscous cycloquinone and metal-ligand anthapurpurin derivatives have entered the clinical research stage as photosensitizers
(Table 3). Meanwhile, research focusing on the development of new photosensitizers is also in full swing. Researchers are developing
photosensitizers on the nano platform and achieving better drug delivery effects through surface modifications of the photosensitizer.
They are also aiming to achieve more accurate PDT through the design of activatable and responsive photosensitizers. Furthermore,
they are attempting to overcome the oxygen-depleted microenvironments at tumor sites by developing novel type I photosensitizers
and creating photosensitizers more suitable for the treatment of deep solid tumors. Additionally, the combination of PDT with other
drugs or therapies, to achieve a better therapeutic effect and reduce drug toxicity and side effects, has also garnered researchers’
interest. Sonodynamic therapy, a derivative of PDT, exhibits higher therapeutic efficiency for deep lesions due to its superior tissue

penetration ability. Research on acoustic sensitizer and sonodynamic therapy is also underway.

Conclusions and Prospects PDT is playing an increasingly important role in the treatment of many superficial lesions and
cancers. The development of photosensitizers with better treatment effects and fewer toxic side effects has been receiving extensive
attention. Researchers have made significant efforts in developing more delicately designed photosensitizers. Many photosensitizers
with excellent properties, such as high reactive oxygen quantum yield, high molar extinction coefficient, high maximum absorption
wavelength, high targeting ability, low in wivo toxicity, and rapid in vivo clearance, have been advanced to clinical research.
Simultaneously, more photosensitizers have received marketing approval, benefiting patients. The development of photosensitizers
has advanced the diagnosis and precise regulation of diseases, contributing to the development of precision medicine. With the
continuous development of novel photosensitizers, PDT will play a greater role in multiple indications and bring benefits to a larger

number of patients.

Key words medical optics; photosensitizer; photodynamic therapy; clinical application
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