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Abstract Laser-induced thermal therapy, which has many advantages including rapid operation, minimal damage
and insignificant toxicity and side effects, is considered to be a promising non-invasive/minimally invasive
therapeutic methodology, and it attracts much attention in recent years. In order to improve the therapeutic effects,
researchers study various types of photothermal therapy agents (PTAs). Compared with inorganic nanomaterials,
PTAs based on organic nanomaterials have superior biocompatibility and biodegradability, and they are more
promising for clinical translation. As a result, PTAs based on organic nanomaterials has rapid development in recent
years. In this review, the recent progress of several typical classes of organic photothermal nano-agents, including
near-infrared dye-containing micelles, protein-based photothermal agents, porphysomes, and conjugated polymers,
is introduced, and their individual advantages and shortcomings are introduced. At last, the challenges and future
direction of this field also be discussed.
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Table 1 Typical organic nanoparticles photothermal agents

Wavelength of

Advantages and

Type Typical sample Size /nm ] ) Reference
applied laser /nm shortcomings
. ) Good biocompatibility,
1ICG-PL-PEG 17.6 808 . ) [18]
but serious photobleaching
Good biocompatibility and active targeting,
HF-TR-780 92-121 808 P Y A Ty
but poor photostability
NIR dye ) L )
. Good biocompatibility and relatively
containing IR825-PEG 25 808 . [20]
. good photostability
micelles
1ICG/DOX loaded PLGA- Simultaneous photothermal
o 86.3 808 _ [21]
lecithin-PEG NPs therapy and drug delivery
IR825@C18PMH- Simultaneous photothermal
107 808 : [22]
PEG-Ce6 and photodynamic therapy
Good biocompatibility and
SQ-BSA ~8 680 ) » [23]
relatively good photostability
Good biocompatibility and relatively good
Protein-based HSA-1R825 ~8 808 photostability. Separated imaging and [24]
photothermal therapy wavelength channels
agents
Good biocompatibility,
FRT-IR820 12 808 separated imaging and therapy [25]
wavelength channels
Good biocompatibility and
Porphysome Porphysome 100 658 biodegradability, simultaneous photothermal [26]

and photodynamic therapy
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. ) Wavelength of Advantages and
Type Typical sample Size /nm ] . Reference
applied laser /nm shortcomings
Robust photostability, but
Polyaniline 115.6 808 need oxidization or element doping. [27]
poor biodegradability
Robust photostability,
Polypyrrole 55 808 p- .y‘ [28]
but poor biodegradability
) ) Good photostability, biocompatibility
Conjugated Polydopamine 70 808 ) o [29]
and biodegradability
polymers
Good photostability, large photothermal
coversion efficiency, turnable
SPNs 38 808 ) [30]
absorption wavelength,
but poor biodegradability
Good photostability,
PEDOT: PSS 80-90 808 [31]

but poor biodegradability
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Fig. 1 Structural formulae of NIR dyes similar to ICG structure
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Fig. 2 Protein-based photothermal agents. (a) Schematic of preparation of HSA-IR825 complex, as well as the unique
optical behavior of HSA-IR825; (b) schematic of the covalent conjugation of NIR dye molecules CySCOOH to HSA
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Fig. 3 (a) Schematic of preparation of pyropheophorbide-lipid porphysome and (b) transmission electron

microscopy images of as-prepared porphysome?"
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Fig. 4 Conjugated polymers for photothermal therapy of cancer. (a) Transition of the emeralidine group of polyaniline to
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the emeralidine salt, induced by the intracellular oxidative species*” ; (b) schematic of the formation of

(28] . (¢) morphology and absorption spectrum of

polypyrrole nanoparticles and morphology of nanoparticles
polydopamine nanoparticles, and their application in photothermal therapy™” ; (d) photoinduced electron
transfer (PET) within the confined nanocompartment resulting in enhanced nonradiative heat generation after light

irradiation on semiconducting polymer nanoparticles, ultimately bringing in improved photothermal therapy efficiency™"
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