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Research progress of photothermal therapy combined with
chemotherapy based on nano co-delivery strategy
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Abstract: In recent years, multi-modal combined anti-tumor has become an effective strategy for clinical tumor
treatment. Photothermal therapy with its characteristics of minimally invasive, controllable, high efficiency, and
strong specificity, can effectively make up for the toxic side effects and tumor resistance caused by traditional drug
treatment. The research shows that the combination of photothermal therapy and chemotherapy has better synergistic
antitumor effect. However, chemotherapeutic drugs and photothermal agents may have different pharmacokinetic
behaviors in vivo, so it is difficult to ensure their effective transmission in tumor site, and the free form is easy to be
metabolized and degraded in vivo. How to deliver the two therapeutic modes of drugs / photothermal reagents to
tumor tissues in a specific, efficient and synchronous manner to achieve the best combined antitumor effect is an
important problem to be solved in the combined antitumor application. The development of nano-drug delivery
technology provides a new idea for the application of tumor treatment. In this paper, combined with the latest
research progress in this field, the anti-tumor mechanism of photothermal therapy combined with chemotherapy, the
advantages of nano drug delivery, the types and characteristics of commonly used nano materials and the principle
of drug delivery are reviewed in order to provide a reference for the further development of multi-mode combined
treatment of tumor.
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Figurel Schematicdiagram of combined therapy. EPR: Enhanced permeability and retention; NIR: Near-infrared; PTT: Photothermal therapy
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Table 1  The previous reported combination cases between photothermal therapy and chemotherapeutics based on nano-carriers encapsula-
tion. HA: Hyaluronic acid; FA: Folic acid; ICG: Indocyanine green; DOX: Doxorubicin; PEG-PCL-PNIPAM: Poly(ethylene glycol)-poly(e-
caprolactone) -poly(nisopropylacrylamide); PLGA: Poly(lactic-co-glycolic acid); NIPAM: N-[5- (phenylamino)-2, 4-pentadienyl-ene]aniline

hydrochloride; MACyanine : Acrylated cyanine dye; MCMEMA: 2-[(Methoxy-carbonyl)methoxy]-ethyl methacrylate; TPGS: D-a-tocopheryl

polyethylene glycol 1000 succinate; Btz: Bortezomib; DSPE-PEG: 1,2-Distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyeth-

ylene glycol)-2000]; Sn38: 7-Ethyl-10-hydroxycamptothecin; PCPTA: 2-(Dodecylthiocarbonothioylthio)-2 methylpropionic acid-camptothe-

cin-2-hydroxylethyl acrylate; PMPC: Poly-2-methacryloxyethylphosphorylcholine; PPy: Polypyrrole; RPM: Rapamycin; PoP: Porphyrin-

phospholipid; CQDs: Carbon quantum dots; TSL: Temperature-sensitive-liposomes; G: PAMAM dendrimers generation; MSCs: Mesenchy-
mal stem cells; PAMAMs: Generation 4 PAMAM dendrimer; PAA: Polyacrylic acid; CaP: Calcium phosphate; GSH: Reduced glutathione;
SPNS: Ultrasmall Pd nanosheets; ADH: Adipicdihydrazide; NGR: NGR peptides (CNGRCK2HK3HK11); NHBP: Amino-terminated hyper-
branched polymer; CMC: Carboxymethyl chitosan; TC: TAT(TAT peptide with the 124 amino acid sequence of YGRKKRRQRRR)-chitosan;
PPTA: Polyethylene glycol-COOH (mPEG)-polyethyleneimine (PEI)-3,4,5, 6-tetrahydrophthalic anhydride (TA); C-dotsCL: Carbon-dots
clathrates; CMCTS: Carboxymethyl chitosan; DMSA: Meso-2,3-dimercaptosuccinic acid; CS: Chitosan; PNE: Polynorepinephrine; Art:

Artemisinin; GCGAANL: Glycine-cysteine-glycine-alanine-alanine-asparagine-leucine; TD: 1-Tetradecanol; GC: Glutamic-modified cis-
platin; HAD: Hydroxyapatite; BT: Black TiO,; ACD: Acrylated cyanine dye; BP: Black phosphorus

Photothermal reagent +

Nanocarrier type Nanocarrier composition Cell type
chemotherapy drug
Organic nano- Copolymer FA-PCL-ss-PEG-ss-PCL[ ICG + DOX EMT-6
materials nanoparticles PEG-PCL-PNIPAME®! ICG + DOX 4T1
PEG-Au-PDA-PLGAEY Au + DOX 4T1
P(NIPAM-co-MACyanine-co-MCMEMA )] ACD + DOX HelLa
Polydopamine TPGS@PDAM! MPDA + DOX MCF-7 and MCF-7/ADR
Btz-DSPE-PEG(core) @PDA(shell)®  PDA + DOX MCF-7
PEG@PDAE®! PDA + SN38 PC-9
PCPTA-b-PMPC@PDAF! PDA + CPT HelLa and HepG2
Liposomes AuUNRs(shell)@TSL(core) % Au + wedelolactone  143B tumor and HeLa
CQDs@TSLk Y ICG + CQDs-DOX  HepG2
TSLKA PoP + DOX MIA Paca-2
TSLM! IR-780 + DOX 4T1
Dendrimer Fe,0,@PDA@GH PDA+DOX HepG2 and MSU 1.1
Inorganic Metal nanomate- Gold nanorod Albumin@AuNRs!*! Au +PTX HCT116
nanomaterial  rials HA-CouC,,-mSiO,(shel)@ AuNRs Au + DOX HelLa and MCF-7
(core)l!
MSCs-mSiO,(shell)@AuNRs(core) ¢! Au + PTX MCF-7
PEG-PAMAMs@AUNRs!#! Au + DOX HelLa
PAA-CaP(shell)@AuNRs(core)l’! Au + DOX HelLa
GSH@SPNSH! Pd + DOX QGY-7703
Carbon nanoma- Graphene HA-ADH@GO! GO + MTX MCF-7 and HelLa
terial DSPE-PEG2000-NGR-Ag@GOH 4 (Ag + GO) + DOX MCF-7
NHBP@rGOM rGO + DOX HelLa
CHO-PEG-CMC@rGOkY rGO + DOX L-929
Carbon nanotubes  TC@MWCNTE MWCNT + DOX Bel-7402
Polypeptide AE105-PPTA@CNTE? CNT + Se MDA-MB-231 and L02
FA@C-dotsCLB4 CQD + MTX HMLERshEcad
Magnetic nano-  Fe,0, CMCTS@Fe,0," Fe,0,+ DOX MCF-7
materials DMSA@Fe,0, Fe,0,+ DOX MDA-MB-231
Chitosan@Fe,0,"! ICG + DOX HelLa
DSPE-PEG@FeNi,t FeNi,+ DOX 4T1
PNE@FeOOH® PNE + ART 4T1 and L929
Semiconductor ~ Mesoporous silica  GCGAANL-TD-Pt-Au(core)@mSiO, Au+GC MKN-28 and MGC-803
nanomaterials (shellyteo!
FA-PEG-Fe,0,(core)@mSiO,(shell)®  CuS + DOX HelLa
PEG-mSiO,(core)@CuS(shell) CuS + DOX HelLa
HAD-rGO(core) @mSiO,(shell)! rGO + DOX HelLa
FA-Black TiO,(core)@mSiO,(shell)® BT + DOX MCF-7
Black phosphorust*®! BP + DOX 4T1
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3. Hydrophobic force,
_ 4. Aromatic ring stacking, etc.

Figure 2 Schematic diagram of nano carriers promoting the delivery of photothermal agents/chemotherapy drugs. Left: Physical load;

right: Chemical bonding
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