
Multifunctional electrospun nanofibers for enhancing localized 
cancer treatment

Yike Fu,
State Key Laboratory of Silicon Materials, School of Materials Science and Engineering, Zhejiang 
University, Hangzhou, 310027, P.R. China.

Dr. Xiang Li,
State Key Laboratory of Silicon Materials, School of Materials Science and Engineering, Zhejiang 
University, Hangzhou, 310027, P.R. China., xiang.li@zju.edu.cn

Dr. Zhaohui Ren,
State Key Laboratory of Silicon Materials, School of Materials Science and Engineering, Zhejiang 
University, Hangzhou, 310027, P.R. China., hgr@zju.edu.cn

Prof. Chuanbin Mao, and
Department of Chemistry & Biochemistry, Stephenson Life Sciences Research Center, University 
of Oklahoma, 101 Stephenson Parkway, Norman, Oklahoma, 73019-5300, USA., cbmao@ou.edu

Prof. Gaorong Han
State Key Laboratory of Silicon Materials, School of Materials Science and Engineering, Zhejiang 
University, Hangzhou, 310027, P.R. China.

Abstract

Localized cancer treatment is one of effective strategies in clinical destruction of solid tumors at 

the early stage as it can minimize the side effects of the cancer therapeutics. Electrospun 

nanofibers have been demonstrated as a promising implantable platform in localized cancer 

treatment, enabling the on-site delivery of therapeutic components and the minimal side effect to 

normal tissues. This review discusses the recent cutting-edge research with regard to electrospun 

nanofibers used for various therapeutic approaches, including gene therapy, chemotherapy, 

photodynamic therapy, thermal therapy, and combination therapy, in enhancing the localized 

cancer treatment. Further, it extensively analyzes the current challenges and potential 

breakthroughs in utilizing this novel platform for clinical transition in localized cancer treatment.
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Electrospun nanofibers has gained much attention as a promising treatment for solid tumors due to the on-site drug delivery and low 
side effect. This review presents an overview of the recent progress on the applications of electrospun nanofibers in enhanced localized 
cancer treatment. The potential challenges as well as the prospective for further development are also discussed.
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1. Introduction

The research in therapeutic technologies for cancer, the deadliest disease to mankind, has 

been extensively endeavored. In the current times, radiotherapy and surgery remain as most 

common methodology for treating local and nonmetastatic tumors, whereas chemotherapy is 

the major strategy for metastatic cancers.[1]

Chemotherapy, which utilizes chemotherapeutic agents that are highly toxic to cancer cells, 

is a predominant therapeutic strategy for majority of cancer managements because of its 

superior efficiency.[2] Owing to a series of intrinsic drawbacks,[3] drug delivery systems 

(DDSs) were extensively explored to improve the stability, blood circulation and delivery 

efficacy of therapeutics. In general, DDSs enable the delivery of drugs in a more controlled 

way (release rate and time) and allow the preservation of drug concentration at a certain 

level within the valid therapeutic window. Systemic delivery drug systems (SDDSs) are 

based on particulate form, including nano/microparticles,[4] micelles,[5] and liposomes.[6] In 

general, tumor organ possesses enlarged interspace between endothelial cells of blood 

vessels induced by angiogenesis, and can retain particles at nanoscale dimensions during 

blood circulation. This phenomenon, known as enhanced permeation and retention (EPR), 

effectively facilitates the accumulation of nanoparticles at the tumor site before clearance by 

liver, spleen or kidney.[7] The particle size that can trigger this EPR effect ranges from 30 to 

200 nm.[8]

However, SDDSs are often non-discriminating, and thus anticancer drugs circulate around 

the body.[9] In consequence, a maximum concentration of drug is initially reached during 

administration, followed by rapid clearance by biological system, leading to limited 

therapeutic efficacy and detrimental side effect.[10] Although researchers have made great 

effort in functionalizing nanostructured SDDSs with cancer-targeting molecules to avoid 

excessive uptaking by normal tissues,[11] the delivery efficiency to a solid tumor after 

administration remains as low as ~0.7 % (median) based on a recent 10-year literature 

survey.[12] There is a clear demand to explore new drug delivery vehicles with different 

functioning principles that enables improved delivery efficacy, reduced toxicity and superior 

drug release administration.

Localized drug delivery systems (LDDSs) originated in 1960s when therapeutic agent 

incorporated silicone rubber was implanted to ensure certain therapeutic efficiency.[13] The 

drug-loaded system implanted at the tumor site favors the localized drug delivery and avoids 

excessive drug circulation, enabling the suppression of side effect to normal tissues 

compared to particulate DDSs. The therapeutic dose at the cancerous zone can be 

maintained for a prolonged period while ensuring low systemic drug concentration. This not 

only improves anticancer efficacy but also avoids repeated drug administration.[14] There are 

several potential applications of LDDSs in cancer treatment. The first application is in 

treating the cancer patients with unsatisfactory conditions (i.e. elderly patients, patients with 

multiple diseases etc.). In this case, LDDSs loaded with anti-cancer drugs can be implanted 

into the tumor tissue through imaging system-aided positioning via minimally invasive 

surgery. The second application is to treat the tumors that are not readily surgically resected, 

such as pancreatic cancer, because of possible local infiltration and spreading. For patients 
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with such tumors, LDDSs which can deliver therapeutic agents to the tumor site locally can 

kill tumor cells and inhibit the cell proliferation with a great efficiency. The third application 

is to implant the drug-loaded LDDSs at the post-operative cavity site after tumor resection, 

aiming at eliminating residual cancer cells and preventing possible cancer recurrence. 

Therefore, this type of platform has gradually been recognized as a highly potential 

candidate to address the issues associated with current particulate administration of specific 

therapies.

A variety of forms of LDDSs have been explored, such as drug-eluting wafers, gels, rods 

and films.[14a] Nanofibers synthesized by electrospinning have presented unique 

characteristics, including (a) similar microstructure to extracellular matrix (ECM);[15] (b) 

high surface area;[16] (c) high porosity with interconnectivity which promotes cell adhesion, 

proliferation, drug delivery, and mass transport properties;[17] and (d) a wide selection of the 

matrix materials.[18] In addition, the development of advanced electrospinning techniques 

also provides new approaches for loading and releasing of insoluble drugs.

In 2006, Xu et al. reported a study of electrospun nanofibers for cancer therapy.[19] They 

mixed 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU) and poly(ethylene glycol)–poly(L-lactic 

acid) (PEG–PLLA) copolymer in chloroform and co-electrospun to form implantable BCNU 

embedded PEG–PLLA nanofibers. Nanofibers loaded with drug showed killing effect on rat 

glioma C6 cells in 72 h. In contrast, free BCNU lost cytotoxic activity after 48 h due to the 

instability. Later in the same year, Xie and Wang used electrospun mat to treat C6 gliomas.
[20] By manipulating processing parameters, fibers with different diameters were fabricated 

successfully. Anticancer drug, Paclitaxel, was incorporated into electrospun PLGA 

nanofibers at a loading efficiency of more than 90 %. The study demonstrated that the 

release of drug could last for over 60 days, enabling high killing effect (~70%) of C6 Glioma 

cells in 72 h. Following the studies that ultilizing electrospun nanofibers in anti-cancer drug 

delivery,[21] a series of wide spreading investigations, regarding the exploration of new 

LDDSs for thermal therapy, gene therapy, photodynamic therapy, and combination therapy 

(Figure. 1), have been pursued thereafter.

2. Electrospinning

Electrospinning, derived from “electrostatic spinning”, is a method that materials in 

viscoelastic solution or melting state are formed into continuous fibers at a nano- or micro- 

scale dimensions. The setup of electrospinning is mainly made of a syringe pump, a 

spinneret, a high voltage power supply, and a collector (Figure. 2). The syringe loaded with 

material solution is equipped with an electro-conducting needle. The fluid at the tip tends to 

form a hemi-spherical droplet due to the confinement of surface tension. A high-voltage 

field, usually 1–30 kV, is supplied between the collector and the needle. When the voltage 

exceeds a threshold value when the electric repulsive force among the charges overcomes 

the surface tension of the droplet, the spherical shape is destabilized, and a conical charged 

jet of the solution is ejected from the apex of the cone, called ‘Taylor’ cone. The solution jet 

continues to accelerate and stretches into a form of long and thin fibers, accompanied with 

solvent evaporation. The electrospinning jet can be monitored by high speed camera. 

Various fibrous mats with controlled geometry can be generated by this technique.[22]
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3. Electrospun nanofibers for chemotherapy

3.1. Single electrospun nanofibers for control drug delivery

3.1.1. Polymer nanofibers—Polymer nanofibers have recently raised great attention 

because of its enormous potential in separation industry, photonics, catalyst, electronics, 

enzyme immobilization, medical field and many others.[21a] Polymer, both natural and 

synthetic, is a key ingredient in the development of chemotherapeutic electrospun nanofibers 

due to their exceptional properties, such as light weight, mechanical flexibility, and chemical 

specificities.[23] Natural polymers present high biocompatibility, and some shows intrinsic 

antibacterial performances and ease of clinical functionalization.[24] Natural polymers for 

electrospinning include proteins (silk, gelatin, fibrin, albumin, collagen, etc.), 

polysaccharides (chitin, chitosan, cellulose, dextrose etc.), biopolymer derivatives and DNA.
[25] Synthetic polymers, in turn, can be fabricated with manipulated compositions and 

properties to match specific applications.[26] Polymers such as poly(ethylene oxide) (PEO), 

poly(ε-caprolactone) (PCL), poly(lactic acid) (PLA), polydioxanone (PDS), and copolymers 

including poly(lactic-co-glycolic acid) (PLGA) and poly (L-lactide-co-caprolactone) 

(PCLA) have been electrospun with tailored properties for drug delivery. In particular, 

biodegradable polymers, which can avoid a secondary operation to dislodge the implanted 

carrier, have attracted special attention in localized cancer therapy. A diversity of anticancer 

drugs including paclitaxel (PTX), epirubicin, dichloroacetate, 5-FU and camptothecin have 

been incorporated into electrospun polymer fibers and utilized for postoperative localized 

chemotherapy. The current polymer nanofibers LDDSs for chemotherapy are summarized in 

Table 1 below.

3.1.2. Ceramic nanofibers—Electrospinning was originally developed for synthesizing 

polymer-based nanofibers. Nowadays, advanced processing strategies, such as sol-gel 

chemistry, enable the incorporation of drug or biomolecules within ceramic nanofibers. 

Several studies have been undertaken to investigate the anticancer properties of drug loaded 

ceramic nanofibers. In addition, the extended functionalities were also uncovered due to the 

unique characteristics of inorganic nanofibers, which can hardly be achieved in polymeric 

materials.

For example, a series of Er doped strontium titanate (SrTiO3, STO) nanofibers were 

synthesized for carrying DOX.[10] By the addition of surfactants with diverse types and 

concentrations into the precursor solution, STO nanofibers with controllable microstructural 

characteristics were synthesized. The nanofibers have the highest specific surface area, so 

they own tardy releasing kinetics and the highest DOX loading capacity. Consequently, the 

efficient in vitro killing effect to cancer cells of such nanofibers was induced. More 

importantly, the ratio of green to red emission (I550/I660) of upconversion STO nanofibers by 

980 nm irradiation can be utilized to monitor the amount of DOX released based on the 

fluorescence resonance energy transfer (FRET) effect built between upconversion 

photoluminescent nanofibers and drug molecules. Rare earth doped SrTiO3 nanofibers can 

also be utilized in stimuli-responsive drug delivery, enabling controlled drug release kinetics 

and optical monitoring functionalities.[59] This type of ceramic nanofibers with 
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ratiometrically monitoring functionality, have provided a promising platform for advanced 

localized tumor chemotherapeutic strategy.

3.2. Core-shell nanofibers for drug delivery

3.2.1. Characteristics—To form functional nanofibers with specific or multiple 

functions, various functional particles are incorporated into electrospun fibers. For example, 

to enhance therapeutic efficacy, drug-loaded carriers such as gold nanorods, silica 

nanoparticles, polymeric micelles and carbon nanotubes were incorporated into nanofibers 

for local cancer therapy. Compared with single drug loaded nanofibers, these core-shell 

structures have shown advantages such as prolonged action time and controlled drug release. 

Moreover, a series of new functionalities can be achieved by combining different materials 

in one fibrous scaffold.

3.2.2. Control of drug release kinetics—The ideal drug delivery system is expected 

to enable the temporally and spatially control of drug release.[60] The drug release of 

nanofibers occurs only at the target site due to its local implantation. For temporally 

controlled release, core-shell nanofibers provide a complex structure with multilayers for 

drug loading and releasing. Therefore, the release control can be achieved by tailoring the 

components in different layers that induces varied polymer degradation/erosion rates, drug 

dissolution rates, drug diffusion rates, drug physical desorption rates. In addition, by 

introducing stimuli-responsive constituent, the system can be responsive to the variation of 

environmental parameters including temperature, magnetic field, light, pH, which at last 

affect the drug release rate.

Yan et al. fabricated a core–shell nanofibrous mesh by coaxial electrospinning for 

chemotherapy, in which chitosan (CS) and polyvinyl alcohol (PVA) forms the shell and core 

layer, respectively.[61] When CS was crosslinked with glutaraldehyde (GA) vapor to 

suppress PVA swelling, the release of DOX drug in the core region was effectively governed. 

In addition to the uniform distribution of drug in core region, drugs can also be loaded into 

other multilayer structure. An implantable micelle-in-nanofiber platform with active-

targeting property for localized cancer therapy was investigated by Yang et al.[62] They 

entrapped active-targeting DOX-loaded micelles (FM) into core-shell nanofibers (FM-

Nanofiber), in which the core phase was the mixture solution of the micelles and poly (vinyl 

alcohol) (PVA) and the shell was gelatin solution (Figure. 3). It was found that DOX 

released from the FM inside dialysis bags reached 75 % in 48 h while cumulative release in 

the same time of FM-Nanofibers inside dialysis bags was only 40 %. The faster DOX release 

in the single micelle structure was because that the aqueous environment disturbed the 

thermodynamic stability of the polymeric micelles.[63] However, after the DOX-loaded 

micelles were encapsulated in nanofibers, the cross-linked gelatin shell, which acts as a 

barrier and prevents the disassembly of micelles encapsulated in the nanofiber matrix, can 

postpone the leaking of drug. The further in-vivo study confirmed that this active-targeting 

fibrous device could comparably suppress tumor growth due to the sufficient accumulation 

of anticancer drugs at the tumor site for prolonged time.
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Similarly, Zhang et al. designed core-shell nanofibers for dual drug release.[64] Pt(IV) 

prodrug was reacted with PEG2k units to form the amphiphilic Pt(IV) prodrug-backboned 

copolymer, (PEG2k–Pt(IV))n, via copper free click polymerization (Figure. 4). Then the 

copolymer was self-assembled into Pt(IV) micelles. With dichloroacetate (DCA), the 

micelles were electrospun together into PVA nanofibers. After implantation, PVA 

component can dissolve gradually at the tumor site, inducing fast release of Pt(IV) micelles 

and DCA. The diffusion of released DCA into cells resulted in cell apoptosis immediately. 

Meanwhile, Pt(IV) micelles were internalized by cancer cells via EPR effect, and reduced 

into toxic Pt(Ⅱ) for killing tumor cells. The release of Pt exhibited a reduction and pH dual 

responsive behavior. As the tumor tissues have lower extracellular and intracellular pH as 

well as higher reducing substances level,[65] Pt(IV) would reacted into active Pt(Ⅱ) and break 

the micelle structure around the tumor, thus reducing the accumulation of Pt in normal 

organs.

In addition to pH-responsive LDDSs, Li et al. fabricated a temperature-responsive nanogel-

in-microfiber device via coaxial electrospinning.[66] Drug encapsulated poly-ethylene oxide 

(PEO) forms inner core, and the outer shell layer is made up of poly(ε-caprolactone) (PCL) 

and temperature responsive nanogels (Figure. 5). The nanogels consist of temperature 

sensitive PIPAAm that is copolymerized with acrylic acid (AAc). With the variation of 

environmental temperature, the nanogels in PCL matrix swell or shrink, leading to the 

disappearance or formation of channels between PCL and nanogel and thus the change of 

shell permeability. Therefore, the shell layer can act as a temperature-responsive valve for 

controlling the drug release. Methyl orange (MO) was firstly encapsulated into core part of 

the fibers as a drug model. The MO released rapidly at 40 °C, but slowed down at 20 °C 

through a cycle test, indicating the fully reversible thermo-triggered release. More drugs 

were released due to the switched-on state of the device, which consequently induced 

enhanced cancer cell death.

Li et al. reported the synthesis of hybrid electrospun nanofibers which can deliver anti-

cancer drug controlled by near infrared (NIR) light.[67] The hybrid nanofibers were 

composed of poly (N-isopropylacrylamide) (PNIPAM), DOX loaded silica-coated gold 

nanorods (Au@SiO2-DOX) and polyhedral oligomeric silsesquinoxanes (POSS). With NIR 

triggering, Au@SiO2 particles heated up PNIPAM locally, inducing large-volume decrease 

by 83 % and accelerating the release of DOX. The released DOX could reduce the viability 

of Hela cells by ~97 % in a time period of 48 h. In this study, photothermal effect of gold 

nanorods were used to change the swelling behavior of PNIPAM, which in turn influenced 

the leakage of drug. The combination of hyperthermia and chemotherapy was demonstrated 

to induce enhanced therapeutic efficiency as well as decreased dose required. [21a]

pH value within microenvironment of cancerous tissues, infarctions, and other conditions 

associated with alkalosis and acidosis, varies.[68] Generally normal tissues and blood have a 

pH value of ~7.4, and tumor tissue has an extracellular pH of 5.8–7.2. The high presence of 

glycolysis in tumor cells under either anaerobic or aerobic conditions has been thought a 

main cause to the acidity, which facilitates invasiveness (metastasis) by deconstructing the 

ECM of surrounding normal tissues.[69] Samadi et al. incorporated graphene oxide/TiO2/

doxorubicin (GO/TiO2/DOX) complex in electrospun chitosan/poly(lactic acid) (PLA) 
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nanofibers for delivering DOX and treating lung cancer.[70] The fibers with thicknesses of 30 

and 50 µm presented initial burst release of DOX and subsequent sustained release. In 

addition, the release of DOX from nanofibers was faster in pH 5.3 than that in pH 7.4. The in 
vitro study indicated that the external magnetic field induced higher drug concentration at 

the target site, which consequently enhanced the proliferation inhibition of A549 lung cancer 

cells.

Hosseini et al. reported a PLA/carbon nanofiber (CNT)/Fe3O4 system for leukemia 

treatment.[71] They incorporated anticancer drug daunorubicin loaded carboxylated CNT/

Fe3O4 composite into PLA nanofibers by electrospinning. Under a magnetic field, the drug 

concentration at the target site was increased. Meanwhile, pH-responsive drug release 

presented, where the faster release at pH of 5.5 was attributed to the protonation of carboxyl 

groups in nanofibers. The dual-responsive drug release improved the killing effect on K562 

leukemia cells.

In addition to the studies of electrospun core-shell nanofibers for localized drug delivery 

with controlled release above, a series of publications, regarding LDDSs with varied fiber 

structure or surface chemistry but following similar principles, were documented in the 

literature in the past five years, as summarized in Table 2 below.

3.2.3. Multifunctional drug delivery—The unique structure characteristics of core-

shell nanofibers facilitate multiple functions in cancer treatment. Luminescent materials are 

widely utilized in cancer therapy recently. Hou et al. incorporated upconversion luminescent 

NaYF4:Yb3+, Er3+ nanoparticles into electrospun SiO2 nanofibers.[93] DOX was loaded onto 

the composite nanofibers and the release of DOX was pH-sensitive. The DOX loaded 

nanofibers showed similar inhibition on Hela cells as the free DOX. Furthermore, the rare 

earth doped nanofibers can emit strong luminescence under NIR light. The excellent 

bioimaging property on Hela cells of the composite nanofibers indicate the promise of core-

shell electrospun nanofibers as a multifunctional platform for simultaneously treating and 

imaging cancer (Figure. 6).

Furthermore, Chen et al. investigated a multifunctional electrospun composite fibers for 

dual-drug delivery to kill hepatoma cells.[94] Core-shell upconversion nanoparticles of 

NaGdF4:Yb/Er@NaGdF4:Yb@mSiO2-polyethylene glycol, loaded with DOX, were added 

into PCL/gelatin composite nanofibers loaded with indomethacin (MC) to form nanofibrous 

meshes via elelctrospinning. This nanoparticle-in-nanofiber structured dual-drug LDDS can 

effectively overcome drug burst release at certain degree and enhance tumor inhibition. 

Upconversion luminescence of composite fibers enabled the effective monitoring of in vivo 

DOX release. Furthermore, the feasibility of magnetic resonance imaging (MRI) effect was 

also confirmed due to the presence of paramagnetic Gd3+ ions (Figure. 7).

3.3. Surface modification for electrospun fibers

Surface modification of drug delivery systems has been a common strategy for enabling 

controlled drug delivery at the targeted site.[95] A number of research using individual or a 

combination of surface modifications has been carried out on electrospun fibers to control 

the release of immobilized anticancer drugs whilst preserving functionality. Jiang et al. 
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demonstrated that polydopamine coating may effectively manipulate the loading and 

releasing behavior of charged agents from electrospun PCL nanofibers under different pH 

values.[96] During polydopamine coating at pH 8.5, amino groups (-NH2) cyclized and 

hydroxyl groups (-OH) remained after the reaction. Molecules containing hydroxyl groups 

can release hydrogen cations. Hence, the polydopamine modified PCL nanofibers liberated 

hydrogen cations and induced the negative charged surface in neutral environments. 

Correspondingly, hydroxyl groups were protonated, and the surface charge of fibers become 

neutral in acid. Therefore, the loading capacity of positive charged rhodamine 6G 

hydrochloride (R6G) and doxorubicin hydrochloride (DOX) was enhanced with increased 

pH values. The release kinetic was opposite to the loading behavior, in which the molecules 

were released more rapidly in an acidic environment than those at the high pH values. The in 
vitro MTT assay indicated that the DOX released at low pH value induced enhanced cancer 

cell death, indicating pH–responsive release. Following up, Yuan et al. reported a 

polydopamine modified elecctrospun fibrous membranes for controlled DOX loading and 

releasing.[97] The in vivo study demonstrated that both protein and mRNA levels of PDA-

modified nanofibers have enhanced proapoptosis and necrosis-induced effect. Inspired by 

the work above, an approach to NIR and pH dual-triggered release of anticancer drug via 
electrospun fibers was developed recently.[98] Calcium titanate (CaTiO3) nanomaterials with 

confirmed biocompatibility has demonstrated great potential for drug delivery in cancer 

treatment.[99] Yb, Er co-doped CaTiO3 (CTO:Er,Yb) nanofibers, surface-modified with poly 

(acrylic acid) (PAA), were synthesized. Due to the electrostatic interaction between PAA 

molecules and DOX, the DOX loading capacity was remarkably increased. In addition, DOX 

released in a pH-dependent manner due to the protonation of the carboxyl groups of PAA 

molecules with the decreased pH value, and interestingly the release was monitored by 

upconversion photoluminescence spectra under 980 nm irradiation. Furthermore, the PAA 

coating also enabled NIR-triggered drug release due to the weak temperature rise and 

subsequent vibration of PAA chains when exposed under 808 nm irradiation (Figure. 8). 

Similar study was also reported in PAA modified CaF2:Yb,Er@SiO2 nanofibers.[100] The 

type of surface-functionalized nanofibers may have inspired researchers to focus on 

advanced protocols in cancer treatment.

4. Electrospun nanofibers for thermal therapy

The employment of heat has become one of the main strategies for cancer therapy since the 

20th century when a glowing tip of a firedrill was utilized for breast cancer treatment. [101] 

Hyperthermia, as a clinical method, is based on a selective tumor response under a moderate 

heating phenomenon, commonly in the region of 41–47 °C for 20–30 min.[102] Tumor cells 

are more susceptible to hyperthermia than their normal counterparts. Hyperthermia can 

cause reversible tumor cell damage by ‘softerning’ cell membranes and denaturing proteins, 

while the harm to healthy tissue is reversible.[103] Various heating sources, such as 

ultrasound,[104] radio frequency irradiation,[105] and microwaves,[106] have been used to 

induce heating of a specific target region. The utilization of electrospun fibrous scaffolds can 

overcome the challenge of hyperthermia to provide local heat at the tumor site while 

suppressing the injure of the surrounding normal tissues.
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4.1. Photothermal therapy (PTT)

The precise spatiotemporal control of biologically relevant species delivery has been a hot 

spot in life science in recent years. Light, especially near-infared (NIR) light, within 

‘transparency window’ for biological tissues, is an elegant on/off stimulus to achieve these 

criteria.[107] PTT using external light, preferably NIR light, induces heating to kill cancer 

cells and has recently attracted wide-spreading attention because of its relatively deep tissue 

penetration, simplicity, noninvasiveness, safety, oxygen independence and remote-

controllable properties.[108] An ideal photothermal agent is expected to present strong NIR 

absorbance and capability in transferring the absorbed optical energy into thermal efficiently.
[108a] In addition, the photothermal agent should be nontoxic in the dark to improve 

treatment efficacy without toxic side effects.[108a, 109] In the past decades, a large variety of 

PTT agents with certain light absorbance, good optical stability and outstanding 

photothermal efficiency have been developed.[110] The iconic advancement in this field 

includes gold nanostructures,[111] carbon nanomaterials,[112] metal sulfides and oxides,[113] 

and even organic materials.[114]

Cheng et al incorporated PEG modified gold nanorods (PEG-GNRs) into electrospun 

PLGA/ PLA-b-PEG membrane.[115] The polymer membrane in this platform served as the 

physical barrier on the surgical injury and a carrier for PEG-GNRs with excellent 

biocompatibility. When incubated with cancer cells, the PEG-GNRs liberated from the 

fibrous mat, and were subsequently internalized by cells (Figure. 9). Under 850 nm NIR 

irradiation, heat generation for the released PEG-GNRs was observed. The in vitro study 

showed that the PEG-GNR-incorporated mesh could selectively kill cancer cells and 

effectively suppress their proliferations.

In addition to LDDSs incorporated with Au nanoparticles, polyaniline nanoparticle is 

another promising photothermal agent, which can be embedded into PCL and gelatin (PG) 

nanofibers for tumor treatment.[116] Polyaniline nanoparticles absorb the optical energy of 

NIR light and generate heat when exposed to 808 nm irradiation, enabling ablation of cancer 

cell. The nanocomposite pieces were implanted directly into tumor in mice surgically to 

perform in-situ photothermal therapy. The in vivo examination demonstrated that polyaniline 

loaded PG composite had a remarkable inhibition on tumor growth by producing local heat 

to ablate tumor cells upon NIR irradiation. Furthermore, Mauro et al. investigated an 

implantable PCL electrospun nanofibers and tuned the surface physicochemical 

characteristics by nitrogen plasma activation. The nanofibers were functionalized with 

graphene oxide (GO), which was also a photothermal agent.[117] GO sheets were conjugated 

to the fibrous mesh through amide bond (Figure. 10). The GO deposition improved the 

selective adhesion and proliferation of cells, and enabled the photothermal ablation of the 

captured cancer cells in situ (~98 %), establishing the potential of GO-functionalized 

biomaterials for in situ killing metastatic cells.

In addition to direct therapeutic practice, the electrospun mats can also serve for a 

supplementary debridement treatment after surgical excision to clear the remaining 

asymptomatic tumor regions. To achieve the cutaneous defect healing after surgery and 

tumor therapy simultaneously, an electrospun micropatterned mats integrated with Cu2S 

nanoflowers was fabricated recently (Figure. 11).[118] The fibrous membrane showed 
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controllable and excellent photothermal behavior under NIR irradiation. Skin tumor cells 

were effectively cleared, and the tumor growth was inhibited in mice. In addition, the density 

of fibers collected in the insulating area of the collector was lower, and thus the structure 

was loose, promoting the delivery of nutrient and oxygen to cells and the consequent 

ingrowth and migration of fibroblasts. More importantly, in addition to the tumor ablation 

effect of the Cu2S nanoflowers in the membrane, the fibers facilitated the healing process of 

tumor-induced wounds due to the stimulation effect of Cu ions on the migration and 

proliferation of endothelial cells. The findings indicated that the Cu2S-loaded mats combine 

enhanced skin tissue regeneration performance and cancer photothermal treatment 

effectively in one single platform.

However, it is noted that, due to the inevitable depth-dependent reduction of laser intensity, 

the heat distribution within tumor tissue is inhomogeneous, restricting the killing effect to 

the deep-located tumors.[119] In addition, the hyperthermia may induce possible 

inflammation and damage to healthy tissue.[120] The upregulation of the expression of heat 

shock protein (HSP) induced by PTT may increase the heat stress tolerance of cancer cells, 

limiting the photothermal therapeutic efficiency.[121]

4.2. Magnetic Hyperthermia (MHT)

Magnetic hyperthermia, which uses superparamagnetic iron oxide materials as a heating 

source, is an important technology of thermal cancer therapy.[122] Under an alternating 

magnetic field (AMF), magnetic materials are heated rapidly, resulted from the transfer of 

magnetic energy to thermal energy.[123] As tumor cells are more susceptible to heat than 

normal tissue, magnetic thermal therapy allows the local treatment of tumors without 

harmful effect to healthy tissues by placing iron oxide material-incorporated fibrous scaffold 

where cancer cells are located.[122] Owing to the superior tissue penetration ability of AMF, 

MHT can ablate tumors located in high depth. In addition, the contactless employment of 

AMF facilitates MHT to remotely treat tumors that are not accessible to PTT.[124] Lin et al. 
attempted to incorporate magnetic nanoparticles on/in chitosan nanofibers.[125] Upon 

application of AMF, the temperature of the solution containing magnetic chitosan nanofibers 

increased to 45 °C. The nanofibers hardly presented cytotoxicity but could generate a 

significant hyperthermia effect for killing cancer cells. In addition, iminodiacetic acid (IDA) 

was immobilized onto chitosan nanofibers to improve the formation of magnetic 

nanoparticles on nanofibers, and enhanced anticancer effect of IDA-conjugated nanofibers 

under AMF was demonstrated.[126]

Surface modification of magnetic nanofibers facilitates enhance cell attachment and 

consequent tumor suppressing performance. Huang et al. reported the synthesis of 

polystyrene (PS) magnetic electrospun fibers, loaded with 50 nm sized iron oxide 

nanoparticles (IONPs).[127] Under an AMF, the IONP-containing fibers generated efficient 

heating. Furthermore, collagen functionalization was carried out to improve the attachment 

of human ovarian cancer cells. All the attached cancer cells were killed when applied 10-

minute alternating magnetic field, which was more efficient than the warm water bath. The 

well-controlled loading amount of IONPs and localization by magnetic resonance imaging 

in vivo endowed the magnetic electrospun fibers as a promising type of LDDSs for cancer 
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treatment. MHT has similar disadvantages as PTT, including the heat resistance, damage to 

healthy tissue and inhomogeneous heat distribution within tumor tissues.

5. Electrospun nanofibers for photodynamic therapy

Photodynamic therapy (PDT) relies on the use of reactive oxygen species (ROS) and free 

radicals, generated by a photosensitizer (PS), to induce phototoxicity. It is a rising oncologic 

therapeutic modality with specific spatiotemporal control and selectivity.[128] PDT generally 

requires three key components: photosensitizers, excitation light, and oxygen molecules.[129] 

Compared with typical cancer treatments including surgery, radiotherapy and chemotherapy, 

the main advantage of PDT is its inherent safety in the absence of light, no drug resistance, 

repeated treatment and minimal invasiveness.[130]

Conventional PDT induces relatively large amount of photosensitizer by intravenous, which 

may result in skin photosensitivity and high uptaking by normal cells. [23, 131] The use of 

nanofibrous scaffold for deliverying photosensitizers reduces the therapeutic dosage 

significantly. Studies of photosensitizer loaded nanofibers in the application of antibacterial,
[132] catalysis,[133] water treatment[134] and wound healing[135] have been reported 

extensively. Electrospun nanofibers for cancer PDT can achieve considerable selective 

therapeutic effect by simply focusing the light on the scaffold-localized tumor region.
[128a, 136] Severyukhina et al. reported a type of photosensitizer-loaded electrospun fibers for 

photodynamic cancer therapy.[131] Chitosan/PEO nanofibers consisting of different 

Photosens were synthesized by electrospinning. The physically adsorbed Photosens initially 

released with the swelling of the nanofibers. A relatively tardy release was detected due to 

the degradation of nanofiber complex. Under 675 nm laser irradiation, the metabolic activity 

of scaffold-treated human mammary gland T-47D cancer cells was significantly suppressed 

without recovery. In addition, limited illuminated area could control the phototoxic effect 

spatially, indicting the enhanced topical photodynamic cancer therapy. Similarly, 

purpurin-18 was incorporated into electrospun PLLA nanofibers with sound 

biocompatibility by Wu et al.[23] Satisfactory interaction and integration of both human 

esophageal cancer ECA109 cells and human hepatocellular carcinoma SMMC 7721 cells 

with the surrounding fibers were observed. MTT assays exhibited that the killing effect on 

cancer cells occurred immediately after PDT when exposed to a 702 nm laser light.

However, LDDSs for PDT also suffer several challenges. Firstly, most organic 

photosensitizers rely on oxygen for 1O2 generation, which only performs well in oxygen-

rich environment and thus fails to treat hypoxic tumors.[137] In addition, the excitation 

wavelength of most photosensitizers are in the ultraviolet and visible region,[138] which 

presents low tissue penetration, thus failing to treat deep tumors. Furthermore, the lifetime of 

singlet oxygen in water is approximately a few microseconds. Its half-life in biological 

systems is less than 40 ns, and the diffusion distance is short. [139] Its active radius is ~20 

nm,[140] so it can only react with substances near the photosensitizers.
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6. Electrospun nanofibers for cancer gene therapy

With the growing knowledge of tumor immunology, cancer gene therapy, which aims to 

treating cancers via therapeutic nucleic acids, have gained considerable clinical success 

recently.[141] Compared to chemotherapy, gene therapy aims to repair the cause of cancer 

diseases by modulating the dysregulated genes and their expressions rather than remitting 

disease symptoms.[142] Gene therapy includes the delivery of plasmid DNA (pDNA) to 

replace mutated or supplement down-regulated genes, and/or nucleic fragments such as 

micro RNA (miRNA), short hairpin RNA (shRNA), or small interfering RNA (siRNA) to 

interfere the protein expression of any target gene.[143] The degradation of naked nucleic 

acids occurs due to the presence of various biomolecules in the blood stream, such as 

nucleases.[142] Whereas, the ECM-like structure of nanofibers reduces the distance between 

cancer cells and therapeutic genes being delivered. It can maintain a relatively high content 

of therapeutic genes at the tumor site while ensuring certain gene activity and low systemic 

toxicity. Following this principle, Achille et al. adopted biodegradable electrospun PCL 

nanofibers for delivering gene to treat breast cancer.[144] A plasmid encoding short hairpin 

RNA (shRNA), which can suppress the level of the cell cycle specific protein, cyclin- 

dependent kinase 2 (Cdk2), was combined into fibrous scaffold. The gradually released of 

functioned shRNA from PCL nanofibers effectively silenced Cdk2, leading to the 

destruction of the cancer cell cycle and the inhibition of the breast cancer cells proliferation. 

The study indicates that gene therapy in combination with electrospun nanofibers, which can 

provide ECM-mimicking environments and controllable gene delivery, can be a highly 

potential substitute to specifically target a diversity of cancer cells. However, electrospun 

nanofibers may have poor capability in intracellular delivery of therapeutic genes, inducing 

low gene silencing effect. In addition, the safety concern regarding the adverse reactions on 

the body’s immune system ought to be systematically evaluated and addressed. Following 

the introduction of current LDDSs for solo cancer therapy, a direct cross comparison of the 

advantages and challenges of each type is provided (Table 3).

7. Electrospun nanofibers for combination therapy

Combination cancer therapy has raised great attention in clinical practice to overcome the 

disadvantages associated with single cancer treatments and achieved significant success. For 

example, prolonged drug release using LDDSs for solo chemotherapy may induce the strong 

resistance of cancer cells against chemotherapeutics, known as multiple drug resistance 

(MDR)[145]. In addition, chemotherapy may induce inevitable side effects at a certain 

degree. In contrast, combination cancer therapy, the co-delivery of two or more anticancer 

agents simultaneously or a combination of therapeutic approaches, can build a synergsitic 

platfom for treating MDR cancer cells with lower drug concentrations, achieving an 

enhanced combined therapeutic efficiency. Therefore, recent studies have also been focused 

on the multifunctional nanofibers combining two or even more theraputic techniques aiming 

at enhanced cancer treatment.
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7.1. Chemotherapy & photothermal

The combination of photothermal therapy and chemotherapy can increase the inactivation of 

tumor cells owing to the following reasons: (a) High temperature changes the blood 

perfusion of capillaries and accelerates drug release, thus changing the distribution of drugs 

in the tissue and increasing the concentration of drugs in the sites where the drugs can not 

reach.[146] (b) High temperature destroys the stability of tumor cells, increases the 

permeability of cell membrane, and thus facilitates cellular uptaking of drugs. Meanwhile, 

the hyperthermia induces the dysfunction of cell membrane, hypoxia, and anaerobic 

glycolysis. In consequence, the pH value decreases, and the activity of drug is enhanced in 

an acidic environment. (c) High temperature increases the cytotoxic effect of 

chemotherapeutic drugs. (d) The hyperthermia enhances the sensitivity of MDR cells to anti-

cancer drugs.[147]

Zhang et al. attempted to incorporate doxorubicin (DOX) and multiwalled carbon nanotubes 

(MWCNTs) into electrospun PLLA nanofibers to combine chemotherapy and photothermal 

therapy.[148] MWCNT is an effective photothermal agent which absorbs NIR light with a 

wide wavelength range. It was found that the 808 nm NIR illumination did not only trigger 

DOX release, but also induce the localized overheating of fibers-covering tumor site, 

resulting in enhanced inhibition of tumor growth. Similarly, the integration of chemotherapy 

and photothermal was also observed in another platform, in which DOX loaded 

Cu9S5@mSiO2 nanoparticles were embedded into electrospun PCL and gelatin nanofibers 

(Figure. 12). [149] The multifunctional composite fibers were surgically implanted into the 

tumor site to realize the orthotopic combination therapy. The in vivo study showed that the 

combined chemotherapy/photothermal therapy presented a significantly enhanced tumor 

inhibition effect comparing to either chemotherapy or photothermal treatment.

7.2. Chemotherapy & magnetic-thermal

Similar to PTT, magnetic thermal therapy induces local hyperthermia to enhance drug 

release and increases intracellular drug concentration for improved chemotherapy efficacy, 

resulting in synergistic MHT/chemotherapy.[150] Furthermore, the precise control of drug 

release by controlling the parameters of AMF is highly promising to achieve on-demand 

combined MHT/chemotherapy. This may enhance the treatment efficacy with minimal side 

effects. Nejad et al. investigated mussel-activated electrospun nanofibers loaded with IONPs 

and bortezomib (BTZ) for hyperthermic chemotherapy.[151] The nanofiber matrix was based 

on mussel- activated copolymer, poly(methyl methacrylate-codopamine methacrylamide) 

p(MMA-co-DMA) (MADO) (Figure. 13). The catechol moieties of surface-functionalized 

fibers can bind and release BTZ in a pH-dependent manner. The IONP-incorporated 

magnetic nanofibers displayed a remarkable heating property, and a long-lasting cyclic 

heating ability under an AMF. These implantable magnetic nanofibers enabled both 

repetitive hyperthermia therapy and tumor-specific drug release synergistically. In vitro 

studies showed that the BTZ-loaded magnetic nanofibers presented an excellent synergistic 

therapeutic efficacy for cancer treatment. A follow-on study by this group demonstrated a 

magnetic nanofiber (MNF) system based on PLGA nanofibers functionalized using 

dopamine and conjugated with BTZ (Figure. 14), and this type of LDDS can effectively 
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enable highly controlled BTZ release and hyperthermal phenomenon for cancer treatment.
[152]

Kim et al. dispersed MNPs and DOX in temperature-responsive polymers (Figure. 15).[153] 

A mixture of magnetite (Fe3O4) and maghemite (γ-Fe2O3) MNPs were selected because of 

the instability of solo magnetite in oxidation. The thermal curable nanofiber was synthesized 

by electrospinning copolymer of NIPAAm and N-hydroxymethylacrylamide 

(poly(NIPAAm-coHMAAm)). Under high temperature, the crosslink of methylol group in 

HMAAm occurred by self-condensation. When AMF was provided (signal is ‘ON’), the 

MNPs generated heat and resulted in the deswelling and collapse of polymer networks. 

Altering ‘ON-OFF’ switches of AMF, the swelling ratio of nanofiber changed. 

Correspondingly, the release of DOX showed in an ‘ON-OFF’ manner in response to AMF. 

Due to the combined effect of hyperthermal and drug, 70 % of cell death was observed in 

only 5 min when human melanoma cells were incubated with this delivery system. These 

smart nanofibers with dynamically and reversibly changeable structures can functionalize as 

a switchable hyperthermia implant as well as a manipulative drug carrier simultaneously by 

simply altering the AMF signal.

7.3. Chemotherapy & gene therapy

Cancer cells tend to develop MDR after frequent administration of high doses, which 

induces the ineffectiveness of chemotherapy. By certain type of siRNA, gene therapy can 

suppress the expression of MDR-related or anti-apoptotic proteins (Plk-1,[154] MRP1,[155] 

Bcl-2[156]) for enhancing the sensitivity of cancer cells toward chemotherapeutics, which 

paves the way for gene-based synergistic cancer therapy. The strategy combining the 

chemotherapy and gene therapy has been considered as a highly potential protocol for 

enhanced cancer treatment recently.[157] The blooming development of investigation in this 

particular technology is being extensively carried out. Sukumar et al. investigated a bioactive 

core-shell bPEI-PEO nanofiber scaffold by electrospinning for transporting cytosine 

deaminase-uracil phosphoribosyl transferase (CD::UPRT) (shell) suicide gene and 

simultaneously controlled delivery of anticancer prodrug 5-Fluorocytosine (5-FC) (core) 

(Figure. 16).[158] The Rhodamine B (RhoB)-bPEI-pDNA (plasmid DNA) (short as ‘RBP’) 

complex was mixed with PEO and bPEI solution as a shell and were initially released during 

incubation. Transfection and the expression of the suicide gene then occurred, followed by 

the release of prodrug. The results indicated that the scaffold activated the apoptosis of lung 

cancer cells (A549) by suicide gene therapy at phenotypic and genotypic levels. The 

simultaneous delivery of suicide gene and prodrug drastically enhanced anticancer efficacy.

Che et al. reported an approach combining drug and gene delivery for treating liver cancer.
[159] In this work, nanoparticles containing disulfide cross-linked PEI (ssPEI) and anticancer 

gene microRNA-145 were grafted onto paclitaxel (PTX) loaded electrospun poly(ε-

caprolactone) (PCL) nanofibers. The composite nanofibers exhibited time-dependent PTX 

and miR-145 release. The suppression of cancer cell growth by drug and gene co-delivery 

nanofibers was remarkably enhanced, indicating the synergistic effect. Furthermore, Lei et 
al. electrospun PLGA fibers for delivery drug and gene to treat malignant brain tumor.[160] 

An RNAi plasmid, aiming to suppress the expression of an important proteinase regulating 
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brain tumor invasion and angiogenesis, matrix metalloproteinase-2 (MMP-2), was 

complexed with polyethylenimine (PEI). Anticancer drug paclitaxel as well as the RNAi 

plasmid was encapsulated in PLGA fibers, and a sustained release of gene and drug was 

demonstrated. The RNAi plasmid released was active in transfecting cancer cells, and the 

MMP-2 was downregulated, resulting in the inhibition of tumor angiogenesis and invasion. 

The drug/gene dual delivery induced more effective tumor regression compared to the solo 

chemotherapy.

7.4. Photothermal & photodynamic

An efficient photodynamic process requires three major components, including 

photosensitizers, oxygen and light.[161] However, hypoxic tumor microenvironment leads to 

low productivity of ROS and hence restricts PDT therapeutic efficacy.[137a] As mild 

hyperthermia not only increases the membrane permeability to improve the cellular uptake 

of photosensitizers but also accelerates the blood flow to increase the vascular O2 

concentration, enhancing the ROS production.[162] Therefore, the hyperthermia-enhanced 

intracellular ROS generation leads to synergistic PDT/PTT via the integration of 

photothermal agents and photosensitizers within one LDDS. However, in the combination of 

PTT and PDT, it is inconvenient to activate the photothermal agents and photosensitizers 

using different wavelengths of lights, which also increases the equipment/time cost and 

undermines their synergistic interactions.[137b] A synergistic anticancer platform based on 

electrospun Yb,Er-codoped CaTiO3 (CTO) nanofibers, which was co-conjugated with gold 

nanorods (AuNRs) and Rose Bengal (RB), was recently investigated for combined 

photothermal/photodynamic treatment (Figure. 17).[163] The absorption spectra of AuNRs 

and RB matched well with the red and green emissions of upconversion photoluminescent 

CTO nanofibers, respectively. Therefore, a single NIR (980 nm) laser can initiate PTT and 

PDT simultaneously. The in vitro study confirmed that the combined PTT/PDT therapeutic 

platform exhibited remarkably enhanced inhibition of Hep G2 cancer cell growth. This study 

may also provide another way of thinking in designing advanced LDDSs for combination 

cancer treatment.

8. Summary and outlook

In the past ten years, the research in electrospun nanofibers as a localized cancer treatment 

platform has witnessed a blooming development. This type of implantable LDDSs has been 

generally recognized as a highly potential therapeutic system for tumor treatments. However, 

a series of challenges remain to be tackled before they can be considered for clinical trials. 

The essential one is that the secondary removal surgery is required as most of current 

LDDSs are not biodegradable. The following challenge is then the potential hazard of 

residual solvents. For polymeric nanofibers, the common solvents used in electrospinning 

precursor process, such as dimethylformamide (DMF), acrylic acid, chloroform, 

dichloromethane (DCM), tetrahydrofuran (THF), hexafluoroisopropanol (HFIP), and 2,2,2- 

trifluoroethanol (TFE), present certain toxicity. Thirdly, when ceramic nanofibers with poor 

mechanical strength and flexibility are employed as LDDSs, they can hardly serve as free-

standing structures over a large area. Additional concerns, such as industrial scale-up of 
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LDDSs, incompatibility between drugs and matrix materials and optimized drug release, 

ought to be addressed before this technology is brought into clinical practice.

From the perspective of fundamental research, to combat future clinical demands, two 

scientific breakthroughs are expected in addition to the development of new therapeutic 

strategies responding to tumor microenvironment. One is biodegradable nanofibers, which 

can degrade gradually in the body after its service in cancer treatment, thus avoiding 

repeated surgery for removal. Such biodegradable system has attracted special attention in 

localized cancer therapy. Secondly but more importantly, the intrinsic drawback of 

implantable electrospun nanofibers is the diffusion mechanism of the therapeutic molecules 

released from fibers into cancer cells at the diseased site, that may markedly hinder the 

cellular uptake efficacy and therefore the therapeutic efficiency. Particularly, for gene 

therapy where the genes are expected to be effectively internalized by tumor cells, the 

therapeutic gene released from electrospun fibers diffuses into tumor microenvironment, but 

the uptake efficiency of gene remains low due to the absence of gene carrier for intracellular 

transportation. The combination of nanofibers and nanoparticles (as gene carried for cell 

internalization) is being raised to be a highly potential localized gene therapy. In this system, 

the implanted fibrous mesh can deliver abundant therapeutic molecules loaded nanoparticles 

into cancerous region in a controlled manner, and subsequently the nanoparticles released 

can effectively transport the loaded molecules into tumor cells and trigger the expected 

treatment.

Overall, this review has provided a comprehensive glance of recent cutting-edge research in 

electrospun fibers for tumor therapy. One, that can be anticipated, is this particular type of 

advanced platform is launching a blooming era of developing new technologies for enhanced 

cancer treatment.
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Figure 1. 
The applications of electrospun nanofibers in cancer therapy.
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Figure 2. 
The typical schematic diagram of electrospinning process.
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Figure 3. 
The implantable DOX loaded micelle-in-nanofiber platform synthesized by coaxial 

electrospinning.

Reproduced with permission.[62] Copyright 2015, American Chemical Society.
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Figure 4. 
(A) The formation process of Pt(IV) micelle; (B) the synthesis and local therapy of micelle-

incoparated fibers.

Reproduced with permission.[64] Copyright 2017, Royal Society of Chemistry.
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Figure 5. 
Schematic illustration of the thermal responsive nanogel-in-microfiber drug delivery system.

Reproduced with permission.[66] Copyright 2015, Wiley-VCH.
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Figure 6. 
(a) The bright-field image, (b) luminescent image and (c) the merged image of cancer cells 

incubated with upconversion luminescent composite nanofibers.

Reproduced with permission.[93] Copyright 2012, Wiley-VCH.
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Figure 7. 
MR images of tumor-bearing mice pre and post pasting the composite mesh.

Reproduced with permission.[94] Copyright 2015, Springer-Verlag.
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Figure 8. 
The effect of NIR light on DOX release kinetics of CTO:Yb,Er-PAA nanofibers in different 

pH values.

Reproduced with permission.[98] Copyright 2016, American Chemical Society.
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Figure 9. 
PEG-GNRs-incorporated PLGA/ PLA-b-PEG fibrous membrane for in vitro photothermal 

therapy.

Reproduced with permission.[115] Copyright 2014, American Chemical Society.
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Figure 10. 
The synthesis of PCL-GO composite nanofibers.

Reproduced with permission.[117] Copyright 2017, Elsevier.
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Figure 11. 
(a) Cu2S particles-incorporated fibers for tumor therapy and tissue regeneration, (b, c) SEM 

images of Cu2S nanoparticles, (d, e, f) SEM images and (g) TEM image of micropatterned 

CS-PLA/PCL membranes with Cu2S nanoflowers.

Reproduced with permission.[118] Copyright 2017, American Chemical Society.
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Figure 12. 
The digital photographs of electrospun composite nanofibers.

Reproduced with permission.[149] Copyright 2015, Royal Society of Chemistry.
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Figure 13. 
SEM images of (A) MADO nanofibers, (B) MADO–Fe3O4 nanofibers and (C) MADO–

Fe3O4–BTZ nanofibers; (D) TEM image of MADO–Fe3O4–BTZ nanofibers.

Reproduced with permission.[151] Copyright 2015, Wiley-VCH.
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Figure 14. 
(A) TEM image of IONPs (inset: SAED pattern), SEM image of (B) PLGA nanofibers and 

(C) MNF, (D) TEM image of MNF.

Reproduced with permission.[152] Copyright 2016, Elsevier.
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Figure 15. 
Smart magnetic thermal platform based on MNPs/DOX/poly(NIPAAm-coHMAAm) 

nanofibers.

Reproduced with permission.[153] Copyright 2013, Wiley-VCH.
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Figure 16. 
(a, b) SEM images and (c, d) TEM images of RBP and 5-FC co-loaded core−shell 

nanofibers.

Reproduced with permission.[158] Copyright 2015, American Chemical Society.
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Figure 17. 
Step-by-step synthesis of CTO–RB–AuNR composite nanofibers.

Reproduced with permission.[163] Copyright 2017, Royal Society of Chemistry.
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Table 3.

Summary of advantages and challenges of LDDSs for solo cancer therapy.

Advantages Challenges

LDDS for chemotherapy

✓ Maintaining the on-site dose at relatively high 
concentration
✓ Avoid excessive drug circulation
✓ Prolonged drug release
✓ Feasibility for delivering insoluble drugs and 
peptides with short half-life time.

▪ Prolonged drug release induces the strong resistance 
of cancer cells against chemotherapeutics, known as 
multiple drug resistance (MDR).
▪ Inevitable side effect at certain degree

LDDS for photothermal 
therapy (PTT)

✓ Thermal ablation with high efficiency
✓ Tissue penetration
✓ Feasibility
✓ Non-intrusive
✓ Remote control
✓ Oxygen independence

▪ Inhomogeneous heat distribution within tumor 
tissues
▪ Limited penetration for deep-located tumors
▪ Inflammation induced by hyperthermia
▪ Damage to healthy tissue
▪ Upregulating the expression of heat shock protein 
(HSP)

LDDS for magnetic thermal 
therapy (MHT)

✓ Thermal ablation with high efficiency
✓ Superior tissue penetration enabling cancer 
treatment at high depth
✓ Remote control
✓ Feasibility
✓ Non-intrusive
✓ Remote control
✓ Oxygen independence

▪ Inhomogeneous heat distribution within tumor 
tissues
▪ Damage to healthy tissue
▪ Heat resistance

LDDS for photodynamic 
therapy (PDT)

✓ Non-intrusive
✓ Minimal damage to normal tissue
✓ Low dark toxicity
✓ No drug resistance
✓ Repeated treatment

▪ Oxygen dependence.
▪ Limited penetration of excitation light (UV or visible 
light) for treating deep-seated tumors.
▪ Short lifetime of singlet oxygen generated
▪ Low diffusion distance of singlet oxygen

LDDS for gene therapy

✓ Relatively high content of therapeutic genes at 
the tumor site
✓ Maintaining gene activity
✓ Low systematic toxicity

▪ Poor capability in intracellular delivery of therapeutic 
genes
▪ Low gene silencing effect
▪ Safety concern
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