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Abstract. Photothermal therapy refers to the addition of targeted drugs with photothermal effects into the 
patient's body. Through targeting, the drug specifically recognizes tumor cells and accumulates around 
tumor cells. Afterwards, it is irradiated with a laser of a specific wavelength to achieve a local temperature 
increase, thereby achieving the effect of killing or locating tumor cells. Therefore, the most important part 
of this treatment method is the photothermal probe with a targeting effect and good photothermal effect. 
The existing photothermal probes are mainly composed of inorganic substances, organic small molecules 
and organic biomolecules. This paper will mainly introduce the development status and prospects of 
performance of these three types of photothermal probes to introduce photothermal agent development. 

1 Introduction 
A tumor refers to the growth of cells formed by local cell 
proliferation under the action of various tumor-causing 
factors. Especially malignant tumors have become one of 
the main causes of death in modern developed countries. 
Research on tumor treatment has been a popular 
direction of medical research in recent years, and many 
tumor treatment methods have been drawn and 
developed, including chemotherapy, radiotherapy, and 
surgical treatment. However, traditional tumor treatment 
methods usually have some drawbacks. Chemotherapy 
and radiotherapy have low selectivity and have certain 
side effects. Surgical treatment has a high recurrence rate, 
and other methods are needed to help locate cancer cells. 
Therefore, the development direction of modern cancer 
treatment is mainly to reduce the recurrence rate, reduce 
side effects, and accurately locate cancer cells. As a kind 
of photothermal probe developed earlier, inorganic probe 
has the advantages of relatively mature technology, 
excellent photothermal performance, and relatively low 
cost, but it can also cause problems such as heavy metal 
residues in the body. The second is organic molecules, 
but this method has disadvantages such as difficulty in 
accumulation at the tumor site and a relatively poor 
photothermal effect. In addition, there are organic 
polymer photothermal materials. This method has the 
advantages of good biocompatibility, good targeting 
effect and photothermal effect, and is currently a hot 
development direction. This paper will mainly analyze 
the properties, advantages and disadvantages and 
development status of these three types of photothermal 
agents.  
 
 

2 Inorganic optical nanomaterials 
Photothermal therapy requires a material with good 
photothermal properties as the probe needed to treat 
tumors at specific locations. The photothermal agent 
needs to have a good ability to convert light energy into 
heat energy. Due to the principle of photothermal therapy, 
the photothermal agent needs to have a targeting effect 
on cancer cells and the function of specifically 
recognizing cancer cells. Inorganic nanomaterials, as the 
earliest developed photothermal agent, have the 
advantages of excellent photothermal effect and 
relatively mature technology. The current inorganic 
photothermal agents mainly include a variety of different 
structures of gold nanomaterials[1, 2], Pb nanosheets[3], 
carbon-based nanomaterials[4-6] (mainly including 
carbon nanotubes, nanographene, carbon nanospheres), 
Prussian blue[7], copper sulfide nanoparticles[8] and 
some other emerging nanomaterials (such as quantum 
dots, transition metals, etc.). These photothermal 
materials have undergone sufficient development and 
have been proven by many biomedical work groups to 
have a good ability to ablate tumor cells. 

However, inorganic nanomaterials also have certain 
limitations. For example, most inorganic nanomaterials 
are composed of heavy metals (gold nanoparticles, Pb 
nanosheets, copper sulfide nanoparticles, etc.), which are 
difficult to be excreted from the body by normal human 
metabolism, and after accumulation, they will cause 
damage to the human body to a certain extent. In addition, 
the structure of gold nanoparticles has a great influence 
on their performance. However, after being irradiated by 
a long-term laser, it can easily change its structure and 
lose its original function. 

Therefore, the main development direction of this 
type of photothermal materials is to combine with 
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polymers to improve their targeting effect on tumor cells, 
improve their biocompatibility, and reduce their possible 
harm to human tissues. 

3 Organic small molecule light 
nanomaterials 
Organic small molecule optical nanomaterials, as a 
potential alternative to inorganic optical nanomaterials, 
are due to their good biocompatibility, relatively good 
photothermal effect and excellent tumor cell targeting 
effect. It is currently a hot development direction of 
photothermal nanomaterials. At present, the main 
research and development of organic photonanomaterials 
are mainly micelles containing near-infrared dyes (such 
as cyanine dyes, etc.), porphyrins, and other organic 
photothermal agents. However, organic small molecule 
photothermal agents also have their disadvantages. 
Because it is in a molecular form, it is very easy to be 
affected by the environment in the organism, causing 
degradation and other problems. As a result, it is more 
difficult to accumulate at the tumor site. In addition, 
most of the organic small molecule photothermal agents 
have the ability to convert light energy into heat, and 
they also have fluorescence characteristics, which will 
compete with the photothermal effect and reduce the 
photothermal conversion efficiency of organic small 

molecule photothermal agents. However, in recent years, 
by optimizing the structure of organic small molecule 
photothermal agents, its stability and photothermal 
conversion efficiency have been greatly improved 

3.1 Micelles containing near-infrared dyes 

In recent years, near-infrared dyes have been widely used 
in the field of fluorescence imaging. After research, it 
was found that after being excited, this type of dye not 
only emits fluorescence, but also converts part of the 
light energy into heat energy. Among them, cyanine dyes 
such as indocyanine green (ICG) and cypate can convert 
light energy to heat energy instead of fluorescence to the 
maximum extent. Therefore, the current research on 
photothermal agents based on cyanine dyes is a hot topic 
direction. However, due to its structural characteristics, 
its stability in aqueous solution is poor, its photostability 
is poor, and it is difficult to gather near the tumor. 
Therefore, some nanomolecules are commonly adopted 
to modify it. The modified cyanine dyes have better 
solubility stability and light stability. For example, by 
modifying the end groups of cyanine dyes to be 
hydrophilic, while retaining the hydrophobic head, in this 
way, in the water environment in the body, the molecules 
will self-assemble to form a group, thereby reducing the 
damage on body environment. 
 

 
Fig. 1. Mito-CCy's photothermal treatment of tumor cells 

 
Indocyanine green has excellent photothermal 

conversion efficiency and strong light absorption 
characteristics. As an excellent photothermal agent, it has 
been approved by the U.S. Food and Drug 
Administration (FDA) for direct use in disease 
diagnosis[9]. In 2017, based on the cyanine probes, 
Kim's group designed a photosensitizer (Mito-CCy) that 

targets organelles and has high light-to-heat conversion 
efficiency (as presented in Figure 1) [10]. The 
photosensitizer not only has good biocompatibility and 
phototoxicity, but also achieves the targeting effect on 
organelles by modifying the triphenylphosphine 
functional group with the mitochondrial targeting effect 
on the photothermal agent. 
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3.2 Porphyrins 

Porphyrins are heterocyclic compounds with four pyrrole 
subunits bridged by methine groups, and are currently 
widely employed in photothermal therapy and imaging. 
However, the monomer structure porphyrin also has the 
common disadvantage of organic small molecule 
photothermal agents, that is, it is difficult to accumulate 
and accumulate at the tumor site. In addition, its water 

solubility is also poor and it is difficult to utilize in the 
body. In order to solve this problem, the main method 
now is to carry out supramolecular assembly through 
intermolecular forces. Through supramolecular assembly, 
the drugs or photothermal agents are assembled 
separately or together with other light-to-heat conversion 
nanomaterials to form an overall nanosystem platform 
[11]. 

 
Fig. 2. Porphyrin rings 

 
Lovell et al reported for the first time that porphyrin 

rings can be used for photothermal treatment of 
tumors(as shown in Figure 2)[12]. They found that 
porphyrins and phospholipids can self-assemble into a 
liposome structure. This structure not only has a high 
porphyrin loading, but also excellent biocompatibility 
and NIR absorption capacity. 

However, most of the absorption wavelengths of 
porphyrins currently used in photothermal treatment are 
short wavelengths of 600-700nm, which limits their 
application in organisms. Therefore, the current 
development direction is to design a wavelength that can 
absorb wavelengths above 800nm. Porphyrin 
photothermal agent with strong near-infrared radiation. 

3.3 Other small organic molecules 

In addition to common cyanine dyes and porphyrins, 
there are also some other small organic molecules that 
have the ability to convert light to heat. For example, 
phthalocyanine with good molar absorbance and optical 
stability, which is often used in photodynamic therapy, 
has also begun to be emplyed in photothermal therapy in 
recent years. Li et al prepared a zinc phthalocyanine 
compound whose terminal hydroxyl group can be 
modified by biotin[13]. The phthalocyanine compound 
can easily self-assemble into nanoparticles with a 
diameter of 100-200 nm. After experimental research, it 
is found that the phthalocyanine particles with this 
specific structure can accumulate in the A549 tumors of 
xenotransplanted mice after being injected into mice, and 
show the synergy of photodynamic therapy and 
photothermal therapy after receiving NIR light 
irradiation. The therapeutic effect obviously inhibits the 
growth of tumors. In addition, in 2016, Dong et al. 
synthesized a small organic molecule with a D-A-D 

(donor-acceptor-donor) structure for photoacoustic 
imaging-mediated photodynamic (PDT)/photothermal 
(PTT) co-therapy [14]. This small organic molecule 
exhibits high photothermal conversion efficiency and 
excellent singlet oxygen yield under 660nm laser 
irradiation. In addition, it also exhibits excellent tissue 
penetration ability, and has shown a good tumor 
treatment effect in mouse experiments. 

4 Organic polymer photothermal 
materials 
At present, the photothermal agents developed based on 
organic polymer materials are mainly synthetic 
semiconducting polymer nanoparticles (SPNPs)[15]. 
SPNPs have high absorption coefficient, adjustable light 
absorption range, high light stability and good 
biocompatibility. The first organic polymer photothermal 
agent reported to be used in photothermal therapy is 
polyaniline (PANI). However, until now, only a small 
number of PANI can be applied as photothermal agents. 
This may be due to PANI doping later, the structure 
became more complicated, which affected its 
photothermal properties. In 2018, Lyu et al prepared a 
water-soluble SPNPs with good biodegradability and 
photothermal properties[16]. The vinyl bonds of such 
SPNPs can be involuted in nanoparticles, thereby 
increasing the absorption coefficient per unit mass. And 
light-to-heat conversion efficiency. Such SPNPs can not 
only provide signals for photoacoustic imaging, but also 
can thermally ablate tumors in mice while detecting. In 
addition, since such SPNPs can undergo enzymatic 
degradation in the presence of oxidizing substances, the 
risk of long-term toxicity caused by accumulation of the 
substances in the body is avoided. 
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5 Conclusion 
At present, photothermal therapy has performed well in 
the field of tumor treatment due to its minimally invasive 
and non-invasive characteristics. And it has been proven 
to have good anti-cancer effects in preliminary clinical 
trials. In addition, the rapid development of 
nanotechnology has provided a variety of high-efficiency 
photothermal agents for photothermal therapy. This 
study mainly introduces various current nanomaterials 
for photothermal conversion, and lists the current defects 
of each material. In order to improve the effect of 
photothermal therapy, it can be achieved by designing 
more efficient photothermal conversion agents. Of 
course, in addition, it is necessary to control local heat 
generation so that it can kill tumor cells without affecting 
normal human cells. In addition, the heat generation of 
the photothermal agent can be precisely controlled by 
improving the incident laser light. 

However, the current photothermal therapy is still 
facing the problem that the diversity, complexity and 
heterogeneity of tumors make it difficult to completely 
eliminate the entire tumor by photothermal therapy alone, 
and it is difficult to prevent tumor recurrence and 
metastasis. The current development direction is to treat 
tumors by combining photothermal therapy with other 
treatment methods. In addition, the safety of 
photothermal agents remains to be studied, because most 
photothermal agents are currently obtained through more 
complicated preparation methods, which may cause 
some toxic intermediates to enter the human body and 
cause long-term toxicity. However, if the 
biodegradability of the photothermal agent is improved, 
it will affect the retention time of the photothermal agent 
in the blood and the accumulation of the photothermal 
agent at the tumor site. In addition, the complicated 
preparation methods and raw materials of photothermal 
agents have also led to the high cost of photothermal 
treatment. These are the problems that need to be solved 
at the current stage. 

As a result, although photothermal therapy still has 
some drawbacks to be solved by research, it provides a 
new development direction for tumor treatment, and with 
the development of material technology, the current 
drawbacks may also be overcome in the future. 
Therefore, photothermal therapy is a tumor treatment 
with good development prospects. 
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