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Abstract: Photodynamic therapy (PDT) has attracted wide attention due to its unique advantages such as
minimal invasiveness, high efficiency and high selectivity, and its ability to induce anti-tumor immune response.
However, the treatment process is heavily dependent on the oxygen content of the treatment site, and the wide-
spread oxygen deficiency in malignant tumors severely limits its efficacy. In addition, PDT-mediated oxygen deple-
tion exacerbates tumor hypoxia, which further reduces its therapeutic effect. In recent years, many researches have
been devoted to overcoming this problem. This paper summarized various strategies based on tumor hypoxic PDT
in recent years, discussing the advantages and disadvantages of these strategies, and analyzing the main challenges
and future directions of PDT in the treatment of tumors, so as to provide references for the in-depth study of photo-
dynamic therapy of tumors.
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Figure 1 A schematic diagram showing the preparation, delivery,
hyaluronic acid (HA) shell degradation, O, release, magnetic field
assisted tumor accumulation and photodynamic therapy (PDT)
process of a biomimetic red blood cell (BRBC) for the efficient
PDT of a hypoxic tumor (Adapted from Ref. 5 with permission.
Copyright © 2019 American Chemical Society)
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Figure 2 Schematic illustration of the mechanism of the near infrared (NIR) imaging-guided photodynamic therapy by the BODIPY-Br,

(BDP) loaded fluorinated amphiphilic polypeptide micelles. PHFB: Fluorinated amphiphilic block copolymers (Adapted from Ref. 24 with

permission. Copyright © 2019 American Chemical Society)
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Figure 3  Schematic illustration of the synthesis procedure of BSA/SAs-NMOFs. BSA: Bovine serum albumin; SAs: Sulfonamides;

NMOFs: Iron-porphyrin; TCPP: Tetrakis (4-carboxyphenyl)-porphyrin; EDC: Crystalline N-ethylcarbodiimide hydrochloride; NHS: N-

Hydroxysuccinimide (Adapted from Ref. 58 with permission. Copyright © 2019 American Chemical Society)
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Table 1 A summary of the advantages and disadvantages of the methods

Synergy strategy

Advantage

Disadvantage

Relieving tumor

hypoxia

Utilizing tumor
hypoxia

Avoiding tumor
hypoxia

Red blood cells and
hemoglobin carry 0,2

Perfluorocarbon
dissolves O,1*¢-%4
Decompose H,0, to
O [27-33]

2

Split H,0 to O,#-1

MnO, catalyzes H,0, to
02[46—481

Mild heating promotes
oxygen supply!s®-!

Chemical drugs regulate
the normalization of
microvesselst061-651
Regulate HIF-1 to reduce
hypoxial®-7%

Inhibit mitochondrial
respirationl’*7

Control drug release by
hypoxial™7¢

Activate hypoxic activation
drugs by hypoxicl7®-t

Constructe oxygen-
independent PDT82£5]

Good biocompatibility, high in vivo stability,
long systemic circulation. Drug delivery
system[®]

Higher oxygen capacity and longer *O,
lifetimet®”

A higher level of H,0, in the tumor than
normal tissues

The abundance of H,O in biological tissues

Good bio-compatibility; be used as the
catalyzer for decompositing H,0, to
produce O,

Low invasiveness, high specificity

Induction of vascular normalization,
increasing tumor oxygen supply and

drug concentration

Alleviating tumor hypoxia to a certain
extent

Reducing endogenous oxygen
consumptiont™

Fully utilize tumor hypoxia and the hypoxia
side effect of PDT and realize synergistic
treatment

Improving the target ability, reducing the
side effects, and realizing synergistic
treatment

Without oxygen participation, getting rid of
the dependence on O,

The micrometer sizes of red blood cells®*?; the
instability of oxyhemoglobin; low efficiency

Release oxygen by diffusion through the oxygen
concentration gradient with a low efficiency
Catalase instability

Water-splitting materials with poor response to
visible light and near-infrared®®®!

Its potential risks, long-term toxicity, cellular
uptake mechanisms and metabolic pathways
are still uncleart®l

Low photothermal conversion efficiency®,
normal cell damage caused by hyperthermia
and inflammatory reactions

Overdose will cause serious vascular
degeneration. Be difficult to grasp the dosage

The relief effect of hypoxia is limited, the
regulation of HIF-1 less controllable

Be limited to the low oxygen content in the
tumor tissue

Be limited to the complexity of the tumor
microenvironment and the heterogeneity
caused by individual differences

Be limited to the complexity of
microenvironment and the heterogeneity
caused by individual differences

The study of oxygen-independent PDT is still
in the primary stage
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