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Abstract

With an estimated failure rate of about 90%, immunotherapies that are intended for the treatment of solid tumors have caused an anomalous rise in the mortality rate over the past decades. It is apparent that resistance towards such therapies primarily occur due to elevated levels of HIF-1 (Hypoxia-induced factor) in tumor cells, which are caused by disrupted microcirculation and diffusion mechanisms. With the advent of nanotechnology, several innovative advances were brought to the fore; and, one such promising direction is the use of perfluorocarbon nanoparticles in the management of solid tumors. Perfluorocarbon nanoparticles enhance the response of hypoxia-based agents (HBAs) within the tumor cells and have been found to augment the entry of HBAs into the tumor micro-environment. The heightened penetration of HBAs causes chronic hypoxia, thus aiding in the process of cell quiescence. In addition, this technology has also been applied in photodynamic therapy, where, oxygen self-enriched photosensitizers loaded perfluorocarbon nanoparticles are employed. The resulting processes initiate a cascade, depleting tumour oxygen and turning it into a reactive oxygen species eventually, to destroy the tumour cell. This review elabotrates on the multiple applications of nanotechnology based perfluorocarbon formulations that are being currently employed in the treatment of tumour hypoxia.
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1. Introduction
With an approximate mortality rate of 9.6 million and with over 18.1 million new cases, the World Health Organization (WHO), in its 2018 report, highlighted that the deaths due to cancer have overshadowed other diseases worldwide [1]. Europe and America account for 20.3% and 14.4% of cancer deaths respectively. Affecting more than 60% of the world population in various forms, cancer incidence rates have gained a sudden impetus over the past years. There exists a large body of research which essentially blames social and economic factors as the key driving factors behind the impelling rise, in the incidences of cancer [2]. Among the several other factors, poverty and infections rank atop, making cancer one of the deadliest diseases ever known to mankind [3]. Of the various reported types of cancers; lung, breast, prostate and colorectal cancers form the most common types of cancer (Figure 1) [4].
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Figure 1: Percentage comparison between sexes based on the global cancer report 2018
It is well known that cancer or malignant tumors result from the alterations in the genetic material, which leads to uncontrolled growth of the cells. These alterations or mutations could be a result of a cascade of epigenetic changes, that produce physiological defects in the growth of the cells. In addition, these alterations in the human genome that cause tumor genesis could be a result of either acquired or inherited mutations. Based on previous findings, these mutations could be further narrowed down to defects in growth and tumor suppressor genes, which lead to the development of cancer. 
[5]. 
The most common feature of all the tumors is low oxygen level i.e. hypoxia condition. The severity of this condition varies among different tumors [6]. For instance, the median oxygen percentage in different tumors are brain tumor (1.7), breast cancer (1.5), cervical cancer (1.2), renal cancer (1.3), rectal cancer (1.8), lung cancer (2.2) and pancreatic cancer (0.3) [7]. It is well-comprehended that extensively expanding and proliferating tumor tissure have surpassed oxygen demand, whereas, the distance between existing vasculature and cell hampers the diffusion of oxygen and creates hypoxic conditions. The hypoxic condition adversely effects the cancer which often lead to cell death [8,9]. Lately, different novel drug delivery system like dendrimers, carbon nano-tubes, liposomes, solid lipid nanoparticles, nano-structured lipid carriers, polymeric micelles, polymeric nanoparticles, magnetic nano-particles and quantum-dots have been explored to regulate the cancer condition by targeted delivering of the drug at target site [10]. 
Recently, Per-fluorocarbons (PFCs) provide a promising way to boost tumour tissue oxygen concentrations. Because of their biochemical inertia, smooth sterilization and particularly, their safe biosecurity and elevated dissolving power for oxygen, which is five to ten times higher than plasma, PFCs have been commonly used as brilliant oxygen carriers. They are highly soluble in oxygen and facilitates oxygen release through simple diffusion using an oxygen concentration gradient that demonstrates great sensitivity potential for cancer treatment [11]. Nanotechnology provides an alternative approach for presenting drugs to tumour sites through enhanced permeability and retention (EPR) and other focused approaches. Nanotechnology-based drug delivery approaches can decrease specific toxic and adverse effects inflicted on normal tissues, due to non-specific distribution of drugs by conventional chemotherapy methods [12]. Therefore, the present review intended to throw light on the emerging novel roles of nanotechnology based per-flurocarbon formulations in the treatment and management of cancer. This review further aims to summarize the utility of nanotechnology based per-fluorocarbon formulations in cancer research.
2. Tumour hypoxia

Tumor microenvironment (TME) is a characteristic of Hypoxia. Tumor hypoxia occurs when the equilibrium of oxygen supply to consumption is disrupted and the amount of tissue oxygen stress is decreased in normal order. This decrease in the supply of oxygen is due to the irregular blood supply of the tumour, which results in aberrant new vessels and inadequate blood flow. Thus, solid tumors have been found to possess lesser oxygen content as compared to healthy cells. Such hypoxic conditions have been associated with angiogenesis, resistance of tumors towards radiation and chemotherapy [13]. Tumor proliferation, development and aggressive metastasis by controlling certain multiple genes is actively promoted through hypoxia. The hypoxia-inductible-factor-1 (HIF-1) gene in particular is highly associated with hypoxia. The high rates of expression under the hypoxic environment of HIF-1 result in tumor cell proliferation and migration. The mechanism known as 'tumour progression' also causes tumours to become more malignant over time. It is reported   that hypoxia was a more aggressive tumour phenotype in vivo in the method of selecting cells with a reduced apoptotic potential [14,15].

Much progress has recently been made in the development of antitumor approaches linked to hypoxia. These techniques can be graded as 'using hypoxia ' and 'hypoxia-overcoming.' Using hypoxia involves activation of bioreductive prodrugs and the delivery of therapeutic agents to hypoxic tumour tissue with targeting molecules by means of the current hypoxic microenvironment.   Overcoming hypoxia requires the regulation of the TME. These involve reducing oxygen intake by cell breathing, the normalisation of tumor channel blood flow to the tumor, the delivery of exogenous oxygen through the tumour and in-situ production of oxygen. Schematic representation of these strategies are shown in figure 2 below [13].
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Figure 2: Hypoxia associated anti-tumor therapy (republished from reference Zhao et. al. (2020) with permission from Royal Society of Chemistry)

3. Conventional methods for cancer treatment

There are different conventional approaches for cancer eradication that have been discussed as follow:

3.1.1. Chemotherapy
This therapeutic strategy includes, using one or more cytotoxic anti-neoplastic agents which mainly act by killing the cells that divide rapidly. It is always done in combination with other therapies, and usually, six or more than six cycles of neoplastic drugs might be required  during the treatment. Chemotherapy does not necessarily target only cancerous cells, but also affects the healthy rapidly growing cells of the body like the cells in the digestive tract, bone marrow and hair follicle [16]. 
3.1.2. Radiation and Surgery 

Radiation treatment is usually associated with solid tumours and involves higher energy x-rays. Surgical removal is performed for the eradication of the cancerous cells leaving behind normal cells that are unaffected. In the 1960s, an adjuvant therapy originated which involved using chemotherapy after radiation therapy or surgery with promising results in the treatment of breast cancer. More than half of the cancer patients undergo radiation therapy during the treatment [16].

3.1.3. Immunotherapy 
This method uses components of the immune system such as antibodies, cytokines, NK-cells and dendrites to target abnormally growing cells. Monoclonal antibodies have been employed to mainly target the oncogenic cells without causing harm to the patient’s immune system and also aid in avoiding any opportunistic infections because of the compromised immune system caused by cancer. Figure 3 below represents the various reasons for ineffectiveness of current cancer therapies.

The substantial increase in the mortality rates could be directly related to the failure in the current treatment startegies, such as, chemotherapy, surgery, radiation therapy, immunotherapy or hormone drug therapy, all of which lack the ability to tackle the abnormal growth of cells [17]. Existing treatments primarily target the growth factors which lack specificity and pose equal harm to the healthy cells as they do to the cancer cells. 
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Figure 3: Various negative factors affecting the effectiveness of cancer therapy
4. Need of targeted approach for tumor hypoxia

Exploiting the hypoxic nature of the cancer cells enables a pathway for a more targeted approach in treating cancer without compromising the normal cells [18]. As understood, tumour hypoxia mainly exists due to a disturbance in the balance between the oxygen usage and oxygen supply rate, which leads to the generation of a hypoxic intra-tumoural environment [19]. This condition is known to be caused by various factors, of which, the three major ones being; i) perfusion-related/acute, ii) diffusion-related/chronic and iii) anaemic [20,21]. Perfusion-related hypoxia is caused due to inefficient oxygen supply to the tumor tissue. Acute hypoxia may further give rise to certain complications, namely, ischemic-hypoxia. Diffusion-related hypoxia occurs due to inadequate oxygen diffusion over a larger area, due to which the tumor cells are devoid of oxygen, and hence become hypoxic. Anaemic hypoxia is caused due to reduced or compensated oxygen-carrying capacity prior to therapy-induced anaemia [22].  Due to the increasing size of tumor cell mass, there arise an inadequacy in the oxygen supply, eventually, leading to a hypoxic environment, due to which the tumour cells become resistant to the basic cancer therapy or treatment (Figure 4) [23]. 
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Figure 4: Drug resistance in Tumor microenvironment (republished from reference Sharma et. al. (2019) with permission from Royal Society of Chemistry)

Radiotherapy works by generating oxidative free radicles, and as the tumour is already devoid of  oxygen, there is no or less generation of oxidative radicles, due to which the tumour becomes radiotherapy resistant. It is similar with chemotherapy too, where, hypoxia produces a micro-environment causing sensitization of the anti-neoplastic agents, rendering them ineffective. Thus, it necessitates the need of a strategy to overcome tumor hypoxia in the first place, so that the tumor could be treated effectively. 
4.1. Perfluorocarbons
Per-fluorocarbons have been under investigation since the 1960s for their unique properties in medical research. They offer advantages like triggered drug delivery, oxygen delivery and molecular imaging [24]. Per-fluorocarbons are organic materials where hydrogen atoms are replaced by fluorine in linear, branched, or cyclic carbon-carbon skeleton. Some per-fluorocarbons can induce oxygen and other heteroatoms.  Replacing hydrogen atoms with fluorine drastically changes the physical and chemical properties of fluorocarbons when compared to hydrocarbons [25]. PFCs have a strong carbon-fluorine covalent bond. Per-fluorocarbons have high vapor pressure along with a low surface tension. This is due to the lowered intra-molecular interactions in PFCs which results due to the electronegativity of fluorine [26]. Per-fluorocarbons are resistant towards metabolism due to the presence of an electron-dense protective sheath that surrounds the entities of PFCs and also due to the sufficiently large atomic radius of fluorine atom [27]. Per-fluorocarbons also act as contrast agents in diagnosis, as PFCs are vulnerable to phase transformation when exposed to a high energy, vaporizing liquid droplets to micro-bubbles that posses the characteristics of contrast media and background free tracers [28,29]. 
Per-fluorocarbons, due to their unique physicochemical properties, offer a wide range of uses including, therapeutic cell tracking, targeted drug delivery, organ preservation and exceptional oxygen-carrying capacity [30,31]. Due to their high oxygen solubility, PFCs are known to be one of the best available options to deliver oxygen to the hypoxic sites in the body. For the same reason, they are also known to oxygenate hypoxia sites which generally act as a barrier to radiotherapy [32,33]. In addition, PFCs also inhibit platelets, which in turn increases RBC infiltration into the tumour, hence eliminating hypoxia [34]. Per-fluorotributylamine (PFTBA) is the strongest PFC known to date, boasting the highest platelet inhibition capacity. Per-fluorocarbons are usually eliminated through the lungs, as they don’t get metabolized [26]. The low intra-molecular forces of per-fluorocarbons aid in dissolving several gases namely, oxygen, carbon dioxide and nitric oxide [26,35]. 
Unlike in several other carriers, environmental factors have no effect on the unloading of oxygen from PFCs to tissues, as unloading depends on the partial pressure differences between oxygen carrier and the tissue to be oxygenated. PFCs are also resistant to oxidation. This means they are chemically inert, unlike haemoglobin, which gets oxidised into an ineffective/inactive carrier form of oxygen [25,36]. Per-fluorocarbons are both hydrophobic and lipophobic in nature. Thus they are required to be modified either by combining them with a carrier or by preparing nano-sized PFC colloids. Modifying PFCs into colloids aids in drug delivery, and also as a detecting agent which may be used for diagnostic purposes [37,38].
  
5. Novel drug delivery systems for the treatment of tumour hypoxia

To eradicate the ineffectiveness of traditional treatments, other techniques have been employed which make use of the tumor characteristics. Among these, polymer micelles, polymeric nanoparticles, polymersomes and polymer conjugates are reported to be effective against the treatment of solid tumors. Tumor capillaries usually have sizes up to 300nm. So, the chosen novel drug delivery system (NDDS) should be specific, having a size that is less than the stated limit. Even when size limits of less than 300nm are employed, in certain circumstances, nanomedicine with sizes up to 100nm also gets absorbed by the reticulo-endothelial system. Therefore, all possible disadvantages should be considered while chosing the drug delivery system [39,40]. Delivery systems are mainly of two types: i) active targeting and ii) passive targeting. Active targeting is accomplished by binding a nano-carrier/novel carrier to a cell or tissue specific ligand, resulting in a higher drug concentration at required sites, rather than other body compartments [41]. On the other hand, in passive targeting, the drug does not  reach the site directly. This approach being passive; size and surface properties play a major role while administering dosage forms using passive pathway [42]. Various classes of novel delivery systems have been summarized in Figure 5 below:
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Figure 5: Currently employed novel drug delivery systems
There are several novel drug delivery systems that are employed presently. The most common ones are; nanostructured lipid carriers, solid lipid nanoparticles, liposomes, lipid micelle, gold nanoparticles, quantum dots, iron oxide nanoparticles, dendrimers and carbon nanotubes. These delivery systems are subdivided in various categories as elaborated below.
5.1. Liposomes

Liposomes are phospholipidic vesicles that are spherical in shape, which allows them to entrap hydrophilic, as well as, hydrophobic entities. They have similar qualities as that of biological membranes [43]. These are small artificial vesicles in spherical form which  have cholesterol and non-toxic phospholipids as their constituents. Lipidic character, size, surface charge and  method of preparation are the major fundamentals that decide the properties of liposomes [44]. Liposomes primarily enhances the duration of retention of neoplastic agents, as well as, their intra-cellular delivery [45]. These liposomes exist in micron sizes, ranging from 0.05 to 5 microns. Specific methods and raw materials, that quickly dissolve in hydrophilic media are required for the preparation of liposomes [44]. Liposomes can be formulated according to the need, by specific surface functionalization and modifications which will eventually aid in higher circulation time, increased cellular uptake, higher drug concentration at site of action and decreased metabolism by lysosomal enzymes. These are few of the many reasons that support the application of liposomes as nano-carriers for delivering anticancer drugs by using either single or combinational targeting actions [46]. 
Liposomes can be further subdivided into the following four classes; i) Conventional liposomes, ii) PEGlyated liposomes, iii) Multi-functional or theranostic liposomes and iv) Ligand targeted liposomes. Conventional liposomes constitutes a simple phospholipid bilayer which has a short circulation duration, as they are taken up by the RES system when given intravenously. They are hence coated with hydrophilic polymers like poly ethylene glycol which ends up increasing the circulation time and gives rise to PEGlyated liposomes [47]. 
5.2. Solid Lipid Nanoparticles (SLNs)
SLNs are solid lipid emulsions of submicron size ranging from 50 to 1000nm [48]. SLNs have a wide range of uses, especially in the delivery of lipophilic drugs. Due to their lipidic nature of their membrane, they have both bio-compatible and biodegradable qualities and can be used for active site targeting [49,50]. SLNs can be modified to have both stability and ligand property by having surfactants and co-surfactants in the molecule [51]. Tri-caprin, cholesteryl oleate, glyceryl tri-oleate, cholesterol, soya lecithin, glyceryl mono-stearate and other solid waxy lipids can be employed in the manufacture of SLNs. The choice of lipid selected should be specific, as it may alter the delivery properties of SLNs [52]. SLNs overshadow other novel drug delivery systems as they offer good biocompatibility, lower cytotoxicity, drug targeting, drug release modulation, and the ability to be produced on a wide industrial scale [53]. High melting point glycerides like tri-myristin are used for the preparation of SLNs which aid in the targeting of anticancer drugs primarily towards the oncogenic cells and not towards the healthy cells of body [54]. They also have the advantage of avoiding metabolism when they are loaded with a lipophilic drug and further offer good tolerability, biodegradation and high bioavailability [49,55].

5.3. Nano-structured lipid carriers

Lipid nanoparticles are spherical molecules with sizes ranging from 40 to 1000 nanometers [56]. Nano-structured lipid carriers were mainly devised to overcome the drawbacks faced while using SLNs, namely, random gelation and  low incorporation rates [57,58]. Stability, capacity loading and avoiding drug release during storage are seen to be improved by using NLPs as carriers. NLPs comprise of solid and liquid lipids as their constituents [59]. High pressure homogenization (HPH), solvent emulsification/evaporation, supercritical fluid extraction of emulsions (SFEE), ultra-sonication or high speed homogenization [60,61] and spray drying are techniques commonly employed for the preparation of NLCs. NLCs can be further improvised by coating them with ligands, so as to follow receptor mediated endocytic pathway for drug delivery with better efficiency. The most commonly used ligand is transferrin [62–64].
5.4. Polymer based Nanocarriers

5.4.1. Polymeric nanoparticles

Polymeric nanoparticles are widely used due to their flexible nature as they can be modified according to the need [65]. They offer less toxicity and improved bioavailability as being both biocompatible as well as biodegradable. The FDA has approved many biodegradable biopolymers that can be employed in the preparation of polymeric nanoparticles, one of which is Polylactide (PLA) [66]. Moreover, ‘polymeric nanoparticle’ is a combinatorial name for nano-spheres and nano-capsules. They have the advantage over liposomal delivery system, in that, this system can create an extended release of drug attached/bound to it [67–69]. Polymeric nanoparticles having sizes upto or less than 500nm, when administered via oral route demonstrated bypassing the pre-systemic hepatic metabolism, as they get taken up by the lymphatic system of intestines [70,71].
5.4.2. Polymeric micelles
Polymeric micelles which are amphiphilic in nature offer the advantage of delivery of drugs to the tumour cells and also have effective loading of variety of drugs [72]. It is a promising system which is gaining more recognition, especially in the delivery of hydrophobic drugs. Polymeric micelles offer both desired biopharmaceutical and pharmacokinetic properties, as they have the ability to dissolve lipophilic drugs in higher amounts with site targeted delivery, due to their nano-size [73]. 
5.5. Dendrimers

Dendrimers are synthetically produced branched polymeric molecules with sizes in the nano region (10 to 100nm) [74]. ‘Dendron’ is a Greek word, which means, tree-from, from which the word ‘dendrimer’ was derived. Dendrimers posses large number of radially grown arms on which large number of functional groups along with neoplastic agents can be attached [75]. The potential of this novel drug delivery system is well reported in the literature. 
5.6. Magnetic Nano-particles

Iron oxides such as magnetite, i.e Fe3O4  and maghemite, i.e γ‑Fe2O3 are the main constituents of magnetic nanoparticles. Elementary ions and other magnetic elements are rarely found in this type of nanoparticles [76,77]. These are generally made up of biodegradable or non-biodegradable para-magnetic materials of sizes less than 25nm [78]. Cell differentiation, gene transfection, sample development in detection tests are few of the many applications of magnetic nano-particles. In addition, this delivery system can be also used for in vivo magnetic targeting for controlled therapeutic drug delivery [79,80]. These particles, in addition, have the ability to induce hyperthermia in deep tissues due to their ability to oscillate, thus producing heat [81,82]. Magnetic nanoparticles have high biocompatibility in vivo which aids fenton reaction. This assists in photodynamic therapy which helps in treating tumour hypoxia and eventually cancer [83,84].
5.7. Carbon Nano-tubes

Large surface areas, negligible weights, outstanding thermochemical stability, and outstanding ability to cross biological membranes are few of the many advantages that contribute to the wide range use of carbon nanotubes. These nanostructures aid intracellular delivery via energy dependant or passive mechanisms of cellular uptake [85–87]. Carbon nanotubes offer rapid penetration through biological membranes, where, many other delivery systems fail [88]. Solubility is a major issue when it comes to CNTs. This can, however, be resolved, either by oxidising the CNTs with completely dissociating acids or by adding reactants to the outer walls of CNTs, which will result in enchancing solubility of CNTs towards hydrophilic compartments [89,90]. Moreover, water solubility can also be improved by incorporating amino acid to CNTs. CNTs can be classified as either single walled or multi-walled components, which can be prepared by rolling a single sheet of graphene and by further making concentric cylinders by rolling up several sheets [91–93].
5.8. Quantum-Dots

Materials like silicon, cadmium selenide, indium arsenide or cadmium sulphide are used for the preparation of nanoscale semiconductor material with sizes ranging from 1 to 10 nm, hence producing Quantum dots. Quantum dots posses many properties that make them unique and different from other available carrier systems. These are large absorption coefficients, size-controllable light emission, superior signal brightness, resistance for photo-bleaching and emission of multiple fluoresence colours [94,95]. Quantum dots mainly comprise two components; a ‘shell’ and a ‘core’ filled with metal complexes. For quantum dots to act as drug carriers. they should exist in the size range of 5 to 20nm. This size range is preferred for the preparation of QDs, because, when the size gets too small, they can be filtered by renal system even before reaching the target site. However, if the size is too large, these will be taken up by the Reticulo-endothelial system, causing its removal [96].

6.  Literature studies on perfluorocarbons incorporated with novel drug delivery systems
6.1.  Perfluorocarbon-Liposome 
Tumour hypoxia is the primary cause of resistance to radiotherapy, as radiotherapy involves the generation of reactive oxidative species, primarily, super oxides from oxygen. Due to hypoxia in solid tumours, there is absence of oxygen and hence no generation of reactive oxidative species leading to resistance to tumour therapy [97–101]. In a reported study, to re-oxygenate solid tumours, per-fluorohexane was loaded in liposomes to be used as a delivery system. The findings showed promising levels of oxygenation, as compared to previous attempts, without additional supply of oxygen (Figure 6). 
[image: image6.jpg]delivery

Tumour cell getting

() accumuiated with 0:
saturated-PFC

Lipid with 03ygen saturated
PFC within the core

‘Tumour cell oxygenated with O3 PFC when exposed to
xrays + barrier ro radiotherapy gets removed




Figure 6: Schematic depiction of X-ray triggered PFC-loaded liposomal delivery
Hence, this shows that liposomal delivery system can be successfully used for the delivery of per-fluorocarbons in regulating tumour hypoxia and further making possible inroads by sensitizing radiotherapy [102]. A general schematic presentation of liposome encapsulated perflurocarbons has been shown in Figures 7 & 8 below:
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Figure 7: Schematic presentation of liposome production
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Figure 8: Liposomal core with embedded perfluorocarbons
6.2. Perfluorocarbon-Nanoparticles

PFCs can be loaded with nanoparticles for their targeted delivery for treating hypoxia in solid tumours thus removing barriers faced by conventional therapies to treat tumour. In a study, hollow Bismuth selenide nanoparticles were used as carriers for the delivery of PFCs using nanoparticles. The PFCs were oxygen saturated, and acted as a reservoir for the release of oxygen. This helped to remove barriers in radiotherapy with simultaneous increase in the radiotherapy-focused DNA damage in solid tumors, as compared to that achieved alone with bismuth selenide that was functionalized with PEG (poly ethylene glycol). This treatment approach was further improvised using near infrared (NIR)-light-absorbing nanoparticles, which improved the release profile of oxygen from the functionalized bismuth selenide-PFC nanoparticles that were saturated with oxygen (Figure 9) [103].
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Figure 9:  Schematic presentation of PFC loaded nanoparticles showing NIR triggered burst release of oxygen
6.3. Per-fluorocarbons-Ultrasound based PFC-nanodroplets

Ultrasound nanoparticles/micro bubbles for carrying oxygen can be used efficiently to treat hypoxia in solid tumor. In this technique, ultra sound was used as a trigger to cause oxygenation, by employing PFC-nanodroplets, which were saturated by oxygen. This was then used to treat hypoxia in solid tumor (Figure 10). This eventually resulted in improving the hypoxic condition, thereby eliminating the radiotherapy resistance which existed previously [104].
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Figure 10: Schematic presentation of PFC nano-emulsion formulation followed by ultrasound triggered oxygen release 
6.4. Perfluorocarbons artificial RBC nanoparticles

RBC nanoparticles are designed synthetically to encapsulate PFCs within their membranes. RBC membrane coated PFC-nanoparticles, have been reported to show increased half-lives (Figure 11) [105]. PFCs are usually coated with a biocompatible material, which could be a polymer, like PLGA which gives rise to PFC-PLGA moiety. 
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Figure 11: Schematic depiction of RBC membrane PFC-PLGA preparation

This moiety is further encapsulated inside the RBC membrane resulting in a PFC-PLGA-RBC complex, which has sizes in nanoscale range and can travel through/via the tumor blood vessel or supply system into the solid tumour. Inside the solid tumour, the PFCs saturated with oxygen eliminates the intra-tumoural hypoxic environment thus combating resistance to radiotherapy [106].
6.5. Perfluorocarbon nanparticles for two-stage oxygen delivery

Hypoxic conditions have been well-comprehended to hinder the efficiency of present tumor therapies, particularly in radiotherapy as it requires oxygen to endorse radiation-induced cell damage. Thus, taking the advantage of perfluorocarbon (PFC) to promote RBC penetration. A two-stage oxygen delivery strategy using  PFC nanoparticles has been developed. In this, PFC was entrapped into albumin and injected intravenously in the mice with tumor and without hyperoxic breathing. After injecting of PFC  nanoparticles, during first stage the physically dissolved oxygen in PFC was rapidly released. Later, PFC promoted the infiltration of RBC, which further aided in the O2 release as the second stage of oxygen delivery. These result obtained were found to be effective and stated to be a strategy that could be easily used for clinical purpose to solve the complication associated with hypoxia [107].  
7. Future prospects

Cancer affects one out of three individuals in the advanced globe. Many individuals have already been affected by the disease, in one manner or another. Given the anomalous rise in the incidence rates across the globe, it becomes imperative that newer advanced cutting-edge technologies should continue to  emerge, so that novel treatments can be developed for the future generations. Per-flurorocarbon formualtions have shown to have proven potential in this direction and will lead the path in the development of novel therapies to treat tumor hypoxia. Further studies and detailed research on safety of such nanoformulations are the need of the hour to further potentiate the use of such materials.
8. Conclusion

Conventional therapies used for treating tumour hypoxia in solid tumours have various limitations. These limitations have led to the discovery of new delivery systems such as, liposomes, nanoparticles and other novel targeting systems which provide prolonged release of the active component. One of the newer delivery systems that use nano delivered per-fluorocarbons have lately gained much interest. These substances have specific site targeting  potential, thereby treating tumour hypoxia in patients with solid tumors. The current review emphasizes the growing need of such novel delivery systems, especially for targeting solid tumors with hypoxic intratumoural environment. Such novel materials have, by far, demonstrated to remove several rigid barriers that have been negatively affecting traditional therapies in treating tumor.
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