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Abstract: In the past decade carbon and metal nanoparticles have been explored for their ability to 

induce hyperthermia. It makes cancer cells more susceptible to radiation and chemotherapy. This 

review will explores the current trends in use of nanoparticles to induce hyperthermia and increase the 

localised delivery of chemotherapeutic agents for treatment of cancer.  
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Introduction  

Thermal therapy has been used since the early age of humanity. Now with development of 

nanotechnology, the thermal therapy has increased its efficacy, particularly in the field of cancer 

therapy. Thermal therapies are attractive for cancer therapy as this physical approach avoids concerns 

with drug resistance and biological variability between tumor types. The application of exogenous 

absorbers to the tumor tissue can allow more precise heating of the tumor site, reducing damage to 

normal tissue and enabling noninvasive therapy. In many cases, nanoparticles can be designed to 

generate local heating within a tumor site [1, 2]. The primary absorbers in tissue are water, 

hemoglobin, oxyhemoglobin and melanin. Light absorption by these components can lead to 

photothermal tissue damage. Photothermal damage is characterized by mitochondrial swelling, 

protein denaturation and tissue necrosis. Tissue changes are evident within minutes when temperature 

reaches to 35– 45°C [3, 4]. Depending  upon  the temperature and the time duration, the thermal 

therapy was classified  into Diathermia, Hyperthermia  and Thermal Ablation. The first one elevates 

the temperature up to 41
o
C. It is mostly used in physiotherapy. In hyperthermia the targeted tissue was 

heated by few degrees more, between 41
o
C to 45

o
C for several minutes. This therapy consists of 

increasing the temperature of the tissue to kill the malignant cells and save the healthy tissue. 

Hyperthermia (HT) is one strategy that has been utilized as an adjunct to improve the efficacy of 

intravesical therapies. The last therapy was based on the use of a hot or a cold source to ablate the 

unhealthy tissue by elevating the temperature or cooling down the targeted tissue. The biological 

tissue reacts to heating excitation as well as a cooling excitation. For this reason, low temperatures 

have been used to treat some diseases. Even in Oncology, some researchers investigated the 

cryotherapy technique to ablate different kind of tumors, especially in case of cervical cancer or 

hepatic cancer [5]  

Hyperthermia in Cancer Therapy 

Conventional chemotherapy utilizes drugs that are able to kill cancer cells effectively. But 

these cytotoxic agents destroy healthy cells along with tumor cells, leading to adverse side effects.  

Hyperthermia is a therapeutic procedure used to increase the temperature of tumors to induce cell 

death in the areas affected by cancer  Approaches to nanoparticle mediated  Hyperthermia includes 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 5, May 2019

ISSN NO: 0975-6876

http://cikitusi.com/251

mailto:pvnacharyulu@gmail.com


2 
 

absorption of near infrared light (NIR), radio frequency(RF) ablation and magnetically induced 

heating. These approaches have demonstrated high efficacy in animal models and few are already in 

human clinical trials [6,7]. Gold-coated silica nanoshells can be designed to possess strong absorption 

of light in the near infrared (NIR) wavelength region between 650–950 nm and release heat to 

produce thermal cytotoxicity in malignant cells.  This is significant for biomedical applications as 

tissue components have minimal absorption at these wavelengths because this region is above the 

hemoglobin absorption bands and below where absorption by water becomes significant.  Thus these 

wavelengths induce minimal heating in normal tissues. When injected intravenously, these nanoshells 

have been shown to accumulate into the tumors and subsequently mediate photothermal treatment 

(Fig.1.) leading to tumor regression [8, 9]. 

 

Scheme-I. Representation of Nano shells induced Hyperthermia. 

 

Hyperthermia may be acted on the tumor cells by the following mechanisms. 

1. Cytoskelet -  

a. Changes in stability and fluidity of cell membrane  

b. Alterations of cell shape o Impaired transmembrane transport 

c.  Alteration of membrane potential  

d. Modulation of efflux pumps  

e.  Induction of apoptosis –  

2.  Intracellular proteins - 

 a.  Impairment of protein synthesis  
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 b. Denaturation of proteins  

      c.Aggregation of proteins at nuclear matrix  

      d. Induction of HSP-synthesis - Nucleic acids  

      e.  Decrease of RNA/DNA synthesis  

      f. Inhibition of RNA/DNA enzymes  

      g.  Altered DNA-conformation –  

3. Other alteration of cell function -  

     a.  Intracellular metabolism of other substrates  

     b.  Gene expression, signal transduction 

 

 

 

                                    

Fig.1. Tumors in the  mice body injected with Nanoshells, under the influence of   

Hyperthermia - Blue colour indicates tumor area experienced higher temperature. 

 

The advantage of thermal treatment over surgery is its invasive nature and to treat tissues 

which were difficult to remove surgically. Hyperthermia can increases tumor cytotoxicity when 

combined with other treatments, like chemotherapy [10, 11]  Hyperthermia also enhances the 

permeability of tumor vasculature, which can improve the delivery of drugs into the  tumors [12]. 

Gannon et.al added SWCNTs to a polymer to avoid their aggregation and injected them into the 

tumors. After that, they exposed polymer-coated CNTs to a 13.56 MHz RF field for 2 min. and  found 

that the tumors were completely destroyed. On the contrary, tumors without CNT, but under the same 

RF field and tumors with CNT, but without RF field, were still viable. Such results suggested that 

CNT hyperthermia therapy may allow noninvasive  RF field treatments [13].   

 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 5, May 2019

ISSN NO: 0975-6876

http://cikitusi.com/253



4 
 

Photodynamic Therapy 

Combining a light source with a light-sensitive drug i.e. photosensitiser,  to destroy cancer 

cells , is the principle behind photodynamic therapy (PDT).The fullerene molecule with its unique 

structure of 60 carbon atoms have  medical applications in the light-based therapy called 

photodynamic therapy (PDT). PDT is a photochemical reaction, which requires the simultaneous 

presence of a photosensitizing drug (photosensitizer [PS]), oxygen. Small amounts of Reactive 

Oxygen Species (ROS) are constantly generated in organisms and this ROS were deactivated by 

antioxidants. When the ROS were predominate antioxidants that will leads to oxidative stress. The 

long duration of oxidative stress causes cell death, called as apoptosis [14]. ROS have its importance 

in propagation of both apoptosis and cancer. In tumor treatment, ROS are induced inside cancer cells 

to kill them [15, 16].  

 

Gold Nano shells  

Nanoshells consist of a spherical dielectric core nanoparticle encapsulated by a metal shell. 

The ratio of core radius to shell thickness decides the scattering and absorbing properties of the 

nanoshells.   Near-infrared absorbing gold nanoshells serve as a photothermal therapeutic strategy 

(Huang et al.,2006). Gold-coated silica nanoshells can be designed to possess strong absorption of 

light at a desired wavelength by  adjusting the relative core and shell  thickness. This feature was 

useful to  develop nanoshells with a  optical absorbance in the NIR region (Weissleder, 2001) and 

release heat to produce thermal cytotoxicity.  This is significant for biomedical applications as tissue 

components have minimal absorption at these wavelengths. GNPs with small diameters (5 nm), heat 

better  (Fig.2.) than larger particles [17,18,19]. Nanoshells have been shown to passively accumulate 

in tumors after intravenous injection. After injection at the tumor site, NIR light is applied over the 

tumor region. The absorbed energy causes the nanoshells to heat, allowing destruction of the tumor 

tissue. In a mouse model, nanoshell treated tumors completely regressed after NIR illumination with 4 

W/cm
2
 for 3 min. without tumor regrowth [20,21,22]. The tumors receiving the nanoshell therapy 

experienced rapid temperature rises sufficient to cause irreversible tissue damage, while laser 

application to nearby healthy tissue or to tumors not treated with nanoshells did not induce a 

significant temperature increase [23]. The preferential accumulation and absorption minimizes 

damage to surrounding tissues.  Biodistribution studies in tumor bearing mice have shown that 

systemically-delivered nanoshells coated with polyethylene glycol are found mainly in the spleen, 

liver, and tumor. Nanoshells can be easily modified with targeting agents such as antibodies, to 

further improve the specificity of the therapeutic approach [24, 25].  

                                                                   

 

Fig.2. Thickness of the gold coating and diameter influence the Hyperthermia effect .  
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Doped Nanotubes 

Nanotubes doped with atoms such as nitrogen and boron are having less toxicity compared to 

undoped nanotubes. The performance of hyperthermia using nanotubes can depend upon how the 

nanotubes are processed with minimum defects and the length of the tubes [26-28]. Cleaning by 

oxidative treatments can remove the caps at the ends of the tubes so they can be doped, but this 

process leads to reduced length of the tubes [29-33]. Absorption is dependent more on the length of 

the nanotube than the diameter. So the length of the nanotubes can be modified by oxidative 

treatments to efficiently couple to a particular frequency [34]. According to antenna theory , nanotube 

absorption will be most efficient when the nanotube length is a multiple of half the wavelength of the 

incident light [35-38].  

                 

                               SWNT                                                   MWNT 

Nano Bombs 

Tight bundles of nanotubes are termed as 'nanobombs' [39,40] and the „bomb‟ effect occurs 

due to the rapid heating of the nanotube bundles and the air trapped within the bundle. The air heats 

rapidly and expands, causing the burst of heat. This micro explosions may be useful to eradicate 

tumor cells, but the effect can leads to the regional spread of cancer cells from the primary tumor 

mass, leading to in transit metastasis. Both SWNT and MWNT were rapidly heated at above 45ºC, 

leading to thermal ablation and tumor cell death[41,42] . However, MWNT are more efficient 

generators of hyperthermia , as lower concentrations of MWNT generate significantly more heat than 

SWNT. Rabbits bearing hepatic VX2 tumors injected with SWNTs in vivo followed by immediate RF 

field treatment. At 48 hours, the tumors experienced complete necrosis, whereas control tumors that 

were treated with RF without SWNTs remained completely viable. Tumors that were injected with 

SWNTs but were not treated with RF also were viable. The present results concluded that gold coated 

nanoshells targeted to cancer cells may allow noninvasive thermal treatments to produce lethal 

thermal injury to the malignant cells. [43].  

Biological Integration of Hyperthermia and Chemotherapy  

Cancer cells that are resistant to conventional therapies often over-express antiapoptotic 

proteins such as bcl-2, bax, bak, myc, and abl. Since apoptosis is genetically controlled, defects in the 

control pathway or overexpression of proteins that suppress apoptosis may contribute to development 

of cancer. Hyperthermia in combination with other therapies results in the induction of apoptosis via 

activation of caspase 8 (Type 1) or disruption of mitochondrial function (Type 2) [44,45]. For 

example, Tu et al. showed that caspase 2 and RAIDD are key elements in hyperthermia-induced 

apoptosis and Pagliari et al. showed that hyperthermia activates Bax and Bak, to induce type 2 
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apoptosis via mitochondrial pathways [46]. Hyperthermia assist to overcome drug resistance by 

deactivate heat shock proteins HSP27, HSP70 and HSP90, which play key role in  drug resistance 

[47] . Hyperthermia increases drug permeability into cell membranes and allowing higher intracellular 

concentrations of chemotherapy [48]. Hyperthermia enhances DNA damage by generation of free 

oxygen radicals and the mitochondrial machinery will be more susceptible to disruption by drugs 

targeting mitochondria. Applying hyperthermia along with nano medicines can lead to increased drug 

metabolism and cytotoxic effects to be enhanced with the better  accumulation of medicine into the 

tumors (Li et al.) [49]. This leads to increase vascular permeability of drug to favourable effects in 

treated tumor areas. To achieve increased perfusion for enhancing drug delivery, gold nanoshells were 

injected to the tumor site. The temperature rise was monitored in real time using MR thermometry and 

increases in perfusion were measured by MR dynamic contrast-enhanced (DCE) imaging to observe 

changes. These results indicate that this nanoshell mediated heating can be used to improve perfusion 

and subsequently enhance drug delivery (Shetty et al., 2008)    

Heated Intraperitoneal Chemotherapy (HIPEC)  

This technique delivers drugs at temperatures between 40-43˚C, up to 3mm into the peritoneal 

tissue to target micrometastic lesions of the peritoneal surfaces. Delivery of certain chemotherapeutic 

agents, including doxorubicin, mitomycin C (MMC), gemcitabine can be potentiated with 

hyperthermia. The survival rates have dramatically improved by using HIPEC and  the main 

drawback was long operative times.  The cellular uptake of DOX was enhanced at 42 -- 43 ˚C relative 

to 37 ˚C, due to improved cell membrane permeability of the drug, resulting in enhanced 

cytotoxicity[50]. Similar results were reported in vivo, where an 80% increase in DOX uptake by the 

tumor was determined at 40 
o
C[51] .   

                                                 

Fig.3. Chitosan-functionalized MoS2 Nanosheets 

 

Chitosan-functionalized MoS2 (MoS2-CS) nanosheets (Fig.3 ) can act as a chemotherapeutic 

drug nanocarrier for near-infrared (NIR) photothermal triggered drug delivery systems [52]. Drug 

releases only upon irradiation with NIR laser and show nonsignificant release in the absence of 

irradiation. MoS2-CS plays an important role in regulating the release of DOX molecules and 

enhances their nuclear accumulation under NIR irradiation. Effective treatment of pancreatic cancer in 

vivo under NIR irradiation has been carried out, confirming the efficacy of hyperthermia and 

chemotherapy [53,54]. Dual drug (doxorubicin and irinotecan) loaded GO (GO-DI) in combination 

with laser irradiation caused higher cytotoxicity than that caused by the administration of a free single 

drug or a combination of drugs and blank GO in various cancer cells, especially in MDA-MB-231 

resistant breast cancer cells, suggesting that GO-DI is a powerful tool for drug delivery and can 

achieve improved therapeutic efficacy and overcome drug resistance in combined chemophotothermal 

therapy [55]. Mohamed et al. showed that when Paclitaxel (PTX)` was combined with hyperthermia, 
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there was a significant decrease in tumor growth at low doses when compared with PTX alone [56]. 

Michalakis et al. showed that cell death mechanisms were different after hyperthermic treatment and a 

higher amount of cell necrosis was observed. They suggest that a combination of PTX and 

hyperthermia supported clinical relevance as the induced necrosis increased local inflammation and 

recruited resources of the immune system. Major investigators on this issue have stated that drug 

concentrations at the target must be high to allow sufficient thermal enhancement. These conditions 

are met during HIPEC. But other studies have shown that the use of HIPEC can cause side effects 

such as bone marrow suppression, renal failure etc.. Anastomic leakage and bowel perforation are 

related with the applied temperature, the risk of damage increased at higher temperature (>43 °C) or 

when there is long contact time between heat and tissue [57,58].   

Liposome formulations  

Hyperthermia also has positive effects in combination with liposomal formulations, such as 

DOXIL . These liposomes are more stable to heat, and release the drug slowly. Hyperthermia 

significantly increased the extravasation and accumulation of 100 nm particles in the interstitium of 

the SKOV-3 tumor, but no such increase was observed for normal tissues [59-64]. Therapeutic TSLs 

are designed as stable at body temperature and release their drug content at hyperthermic temperatures 

(> 39 
o
C). They can be designed by tuning the transition temperature between the gel and liquid 

phases (Tm) . For drug release triggered by mild hyperthermia, liposomes have been designed with 

transition temperatures around 40 -- 42
 o

C, allowing the TSL to be stable at 37
 o

C, but upon reaching 

an area at a temperature around the Tm, the contents are released rapidly. If a TSL passes through a 

tumor heated with mild hyperthermia, the permeability of the liposome increases to rapidly release 

drug within the vasculature. The free drug in the tumor tissue, assisted by hyperthermia exhibits 

therapeutic response [65].   

                               

Fig.3. Liposome formulation containg doxorubicin 

 

Lyso-Lipid Temperature Sensitive Liposome, LTSL (ThermoDox)  

Lyso-lipid is a single-chain lipid that increases the fluidity of the membrane and reduces Tm slightly 

(~ 1C). Needham et al. in 1999 introduced  the Lyso-lipid Temperature Sensitive Liposome (LTSL) 

formulation [66,67,68] .Critically, this lipid also improves the rate and extent of drug release, which is 
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believed to operate via a mechanism of pore stabilization. It has been observed that the peak release 

takes place at the lower end of the gel to liquid phase transition (~ 39
 o

C), suggesting that the release 

occurs as soon as the initial melting defects in the membrane structure are formed [69,70,71]. 

Generally the LTSL composed of the three components DPPC/MSPC/DSPE-PEG2000 are in the 

molar ratio of 90:10:4. This formulation has shown temperature dependent triggered drug release in 

the range of 39 – 42 
o
C. A rapid and extensive release of contents has been observed when the 

temperature was increased to just 41.3
 o
C (70 -- 80% in 20 s.) . A pre-clinical xenograft (FaDu) model 

showed complete regression in 17/20 mice treated with LTSL-DOX after 60 days , whereas non-TSL 

and traditional TSL loaded with doxorubicin only showed some delays in tumor growth relative to 

free DOX. This increase in efficacy corresponds to the amount of drug delivered to the tumor. LTSL 

was found to deliver 25 ng DOX/mg tissue at 42
o
C, whereas the other liposomes (non-TSL and 

traditional TSL) delivered just 7-8 ng DOX/mg tissue at the same temperature. It was concluded that 

both the increased release rate and total amounts of drug released from LTSL were responsible for the 

improved therapeutic performance, relative to the non TSL and traditional TSL formulations [72].  
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Fig.4. Structures of lipids used in the TSLs. 

 

Stealth TSLs  

A sterically stabilized TSL formulation (Stealth TSL) was developed by using DSPE-

PEG2000 for improved stability and a better in vivo half-life when compared with the LTSL 

formulation [73] . Compared to LTSL, the Stealth TSL had superior in vitro stability at 37°C in 

serum. The maximum release of doxorubicin from Stealth TSL was at 42°C. In comparison with 

LTSL, release of doxorubicin from Stealth TSL starts at higher temperatures (39°C versus 37°C) . 

Because of the absence of lyso-PC in Stealth TSL, the rate of release of doxorubicin at 42°C was 
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slower (75%, one minute) when compared with LTSL (99%, one minute) [36]. In a BFS-1 mouse 

model, Stealth TSL showed improved tumor growth control over LTSL when combined with mild 

hyperthermia [74]. A single intravenous treatment with hyperthermia-activated cytotoxic (HaT) at a 

doxorubicin dose of 3 mg/kg body weight in combination with local hyperthermia showed enhanced 

tumor regression when compared with LTSL [75] . Gemcitabine and oxaliplatin have also been 

encapsulated into the HaT formulation. In a pharmacokinetic study in mice, 40% of the injected dose 

was detectable 2 hours after intravenous administration of gemcitabine encapsulated in HaT. HaT 

showed a 25-fold improvement in delivery of gemcitabine to the heated tumor relative to free 

gemcitabine [76].  

MRI Guided Drug Delivery  

MRI is the method of choice for image guided drug delivery with TSL. MRI thermometry is 

established for the control of thermotherapies, such as radiofrequency hyperthermia and high intensity 

focused ultrasound  [77,78]. Localized drug release from TSL has been demonstrated in rodents and 

nonrodents,  using MRI for the control of hyperthermia. Encapsulation of MRI contrast agents in TSL 

formulations allows additional characterization of the drug delivery [79,80]. Newer targeted magnetic 

nanoparticles that are in development are having improved targeting ability to reach specific tumor 

cells and will be visible through Magnetic Resonance Imaging (MRI) and can destroy cells by 

hyperthermia [81]. Cancer cells maintain an acidic environment, and that triggers the offloading of the 

anticancer drugs. Studies have demonstrated the use of iron oxide gold-shell nanoparticles that are 

MRI-visible photothermal sensitizers during laser irradiation of pancreatic cancer cells. Exposure to 

iron oxide gold-shell nanoparticles followed by laser irradiation led to significant improvement in the 

management of pancreatic cancer cell [82]. 

Conclusions  

This review has summarized advanced nano materials that are useful as potential therapiatic 

agents for the treatment of cancer. Some of these materials have successfully crossed phase III clinical 

trials and few reached to the cancer clinics. More and more  new materials were under development 

and  providing hope for new treatment options in cancer treatment. There are some major 

disadvantages for nano therapy such as drug toxicity and tumor resistance. Toxicity can cause 

significant complications. But no doubt, the  nano materials supported by hyperthermia , offers 

excellent clinical solutions to the cancer therapy. 
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