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Cancer remains one of the most critical global health challenges, contributing to 

millions of deaths each year despite advancements in diagnostic and therapeutic 

strategies. Conventional treatment modalities such as chemotherapy and radiotherapy 

often lead to significant systemic toxicity, poor bioavailability, and nonspecific drug 

distribution, limiting their therapeutic efficiency. To overcome these limitations, 

injectable in-situ forming hydrogel depots have emerged as innovative and promising 

localized drug delivery platforms. These hydrophilic, three-dimensional polymeric 

networks can transition from a sol to gel state under physiological stimuli such as 

temperature, pH, or ionic strength, enabling minimally invasive administration and 

localized, continuous release of anticancer drugs at the tumor location. This review 

highlights the various crosslinking mechanisms used in hydrogel formation, including 

physical (hydrophobic interactions, ionic bonding) and chemical (click chemistry, 

enzymatic, Schiff base) methods. It also discusses the roles of natural and synthetic 

polymers in tailoring hydrogel properties for specific therapeutic applications. 

Furthermore, the review emphasizes the use of injectable in-situ forming hydrogel 

depots in the postoperative treatment of several cancers, including glioblastoma, 

breast, skin, liver, and colorectal cancers. By enhancing drug localization, reducing 

systemic exposure, and supporting tissue regeneration, It represents a versatile and 

effective platform in modern cancer management.  
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INTRODUCTION 

Despite intensive research efforts, cancer is a 

major worldwide health concern that affects 

millions of people and places a heavy strain on  

 

healthcare systems.
[1]

 ―Cancer is characterized by 

uncontrolled cell proliferation and frequently 

produces masses known as tumors that have the 

potential to infiltrate or spread to other body 
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parts.‖ These cancerous growths have the 

potential to harm organs, impair vital body 

systems, and interfere with normal human 

activities.
[2]

 

According to the World Health Organization 

(WHO), about 10 million deaths, or one-sixth of 

all deaths, due to cancer were recorded in 2020.
[3]

 

Furthermore, around 400,000 youngsters are 

diagnosed with cancer each year. According to 

WHO 2023 predictions, there would be 30.2 

million new cases of cancer worldwide in 2040.
[4]

 

The treatment of tumors has always been a vital 

area of medicine, and it presents significant and 

ongoing difficulties.
[5]

  

However, better understanding of tumor biology, 

improvement in diagnostics, and available 

treatments are mostly responsible for recent drops 

in death rates. Radiation, chemotherapy, and 

surgery are examples of current treatments. 

Chemotherapy can efficiently target rapidly 

growing cancer cells, but it can also harm healthy 

cells that divide quickly, such as bone marrow, 

digestive tract, and hair follicles. Additional side 

effects include nausea, vomiting, follicle damage-

induced hair loss, anemia, neutropenia, and 

thrombocytopenia, which are blood-related 

problems.
[2]

 In order to lessen side effects and 

increase the availability of chemotherapeutics at 

the tumor site, more focus has been placed on 

creating controlled and sustained drug release 

mechanisms.  

Injectable in situ forming hydrogel depot  

Injectable hydrogels are three-dimensional 

hydrophilic polymeric networks that have a 

strong affinity for body fluids and may be 

injected directly into the body using a syringe or 

through a catheter.
[6] 

Especially injectable 

hydrogels that, in response to chemical or 

environmental cues (such as pH, temperature, and 

light), go through an in situ sol-gel transition in 

the body. Which are widely utilized for local 

delivery owing to the easy loading of anticancer 

therapeutics.
[7]

 

Injectable hydrogel depots (IHs), which are 

targeted therapies, can reduce the systemic 

toxicity of conventional chemotherapy. Both 

natural and synthetic polymers are used to create 

these hydrogel.
[8]

 The development of long-acting 

gels for immunotherapy and postoperative care is 

enhancing the effectiveness of immunogenic 

chemotherapy by boosting immune responses and 

reducing systemic toxicity. Hydrogels can release 

two or more molecules at once and prolong 

anticancer therapy. Cancer patients appear to 

benefit from prolonged treatment exposure and 

combination therapies.
 [9]

  

 

Figure 1: Schematic representation of the in situ 

hydrogel formation process and the subsequent 

sustained release of the drug into tumor cells. 

Benefits of insitu forming hydrogel 

 Reducing drug waste. 

 The minimal dosage will reduce drug 

toxicity and prevent drug buildup. 

 Hydrogel-based drug delivery systems offer 

targeted and controlled drug release.
[10]

 

 It provides increased bioavailability.  

 Creates biodegradation and biocompatibility 

by using natural polymers. 

Drawbacks of in situ forming hydrogel  

 It needs a lot of fluids. 
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 The drug's solution form is more prone to 

breakdown.  

 Stability issues could arise as a result of 

chemical deterioration. 

 Especially for hydrophobic drugs, the 

quantity and consistency of drug loading into 

hydrogels may be limited. 

Characteristics of an ideal injectable hydrogel 

depot 

 Controlled Release: To sustain therapeutic 

levels throughout time, the medicine should 

be released at a constant, predictable rate. 

 Biodegradability: To prevent negative 

reactions at the injection site, the system 

must biodegrade at a rate consistent with the 

drug release profile. 

 Shelf Life: The formulation should last long 

enough to avoid medication leakage or burst 

release. 

 Drug-Delivery System Interactions: As long 

as they don't impede the desired release rate, 

interactions between the drug and the 

delivery system can improve stability and 

stop leaks.
[11]

 

Mechanisms of drug delivery 

The physicochemical and structural 

characteristics of hydrogels are closely related to 

the drug release mechanisms they exhibit. 

Controlled and continuous medication 

distribution is made possible by three essential 

mechanisms: 

Release controlled by diffusion 

Reservoir or matrix systems are used in diffusion-

controlled drug delivery with hydrogels, where 

drug release happens through mesh or pores filled 

with water. A hydrogel membrane encloses a 

drug-rich core (capsules, spheres, or slabs) in 

reservoir systems, allowing for continuous, time-

independent release. On the other hand, time-

dependent release occurs in matrix systems, 

where the initial rate is proportional to the square 

root of time and is reliant on drug diffusion 

through the hydrogel network.
[12]

 

Swelling-controlled drug release  

Hydrogels that contain pharmaceuticals dispersed 

in a glassy polymer that swells when it comes 

into contact with biological fluids are used in 

swelling-controlled drug release. Drug diffusion 

is made possible by this swelling and polymer 

chain relaxing, which also sustains consistent, 

time-independent release, a process known as 

Case II transport. Anomalous transport is another 

name for this process since it involves both 

diffusion and swelling mechanisms that are 

fueled by a concentration gradient.
[12]

 

Stimulus-responsive release 

Changes in the surroundings can trigger drug 

release, providing precise control and minimizing 

off-target negative effects. For diseases like 

cancer and diabetes, which require particular 

local physiological alterations, stimuli-responsive 

hydrogels that are sensitive to pH, temperature, 

ionic strength, etc., various hydrogels are 

designed to react to various stimuli in an efficient 

manner by altering the composition of the 

polymer.
[13]

 

Approaches/Classification of Hydrogels 

Two types of designed in-situ gelling depots may 

be distinguished based on the mechanism of 

depot formation:  

 Platforms based on in-situ cross-linking 

 Platforms based on in-situ phase separation 

Platforms based on in-situ cross-linking 
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a. Photopolymerization approach 

Liquid solutions that can be injected into the 

tumor site serve as the starting materials for the 

photopolymerization technique. When exposed to 

light, the injected components polymerize to form 

the depot matrix in situ.  Monomers with at least 

two free radicals (or cross-linkable polymers), a 

photo-initiator, and visible or ultraviolet (UV) 

light are necessary for in-situ depot formation.
[14]

 

The di-block copolymerized materials of 

Polyethylene glycol (PEG) and 

Polyhydroxyalkanoate (PHA) with acrylated 

terminal groups are examples of polymers 

utilized for in situ photopolymerization.
[15]

 

The existence of reactive species produced by 

photopolymerization is the primary issue when 

using this method. Reactive species have the 

potential to impact integrated anticancer 

medications and release free radicals into the 

surrounding tissues. Moreover, the performance 

of depot formation based on photopolymerization 

is restricted by the penetration depth of visible 

and UV light into the tissues and can result in 

non-homogenous polymerization. Optimization 

of photoinitiator concentration and UV light 

intensity are taken into consideration in order to 

reduce any potential negative effects and improve 

the effectiveness of this method. This method 

might work for peritumoral injection following 

surgical tumor removal.
[14,15]

 

b. Crosslinking 

i. Physical Crosslinking 

One advantage of physical crosslinking is that it 

eliminates the need for extra chemical 

crosslinkers employed in hydrogel formation, 

which would otherwise result in toxicity. Several 

methods that have been investigated for the 

physical crosslinking-based hydrogel production 

are given below. 

Hydrogen Bonding 

Hydrogels crosslinked by H-bonding can be 

injected because of their weak hydrogen bonds, 

which induce shear thinning during injection but 

rebound when the force is lessened. Due to the 

lack of chemical crosslinkers, they exhibit 

exceptional biocompatibility; nonetheless, the 

dissociation of H-bonding between polymer 

chains results in poor stability under hydration.
[16]

 

Ionic Interaction 

The interaction of ionizable polymers or 

oppositely charged polymers (polyelectrolytes) 

with counterions results in ionic crosslinking. The 

counterion/polymer ratio, temperature, and pH all 

affect this reaction.
[17]

 For example, alginate can 

crosslink with Ca
2+

 ions, while cationic 

polypeptides can crosslink with anionic 

organophosphorus agents. Other example are 

chitosan with polyglutamate and quaternized 

chitosan with glycerophosphate
[18]

 

Hydrophobic Interactions 

Amphiphilic polymers exhibit hydrophobic 

interaction-based crosslinking, another form of 

physical crosslinking. The lower critical solution 

temperature (LCST) or upper critical solution 

temperature (UCST) of amphiphilic polymers 

describes a sol–gel transition by changing the 

ambient temperature.
[19]

 Here, below the LCST, 

amphiphilic polymers are soluble, but an increase 

in temperature induces the hydrophobic domains 

(gelators) to assemble. This aggregation of the 

hydrophobic domains occurs to limit the 

hydrophobic surface area that is in contact with 

water, which lowers the energy of the system.
[20]

 

Creating Crosslinks through Host-Guest 

Exchanges 
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The three most common kinds of host molecules 

are cyclodextrin (CD), cucurbituril (CB), and 

crown ether (CE).
[21]

 They have the ability to link 

with small guest molecules that can fit into the 

host molecules' cavity or with linear polymers. 

For instance, CD can accommodate hydrophobic 

guest molecules due to its hydrophobic inner 

cavity, like PEG and biodegradable poly(ethylene 

oxide) (PEO), or adamantane (Ad), azobenzene, 

and ferrocene. Hydrogel formation occurs rapidly 

for CD/polymer inclusions or CD and guest 

molecule - linked polymers.
[22]

 

ii. Chemical Crosslinking 

Covalent bonds are created between polymer 

chains as a result of this kind of crosslinking, 

creating a persistent hydrogel network. Because 

chemical crosslinking can produce hydrogels 

with greater mechanical strength, it is widely 

used. The methods described below. 

Click Chemistry Reaction 

Due to their bioconjugation nature, which 

involves substrates reacting with specific 

biomolecules, the hydrogel formation processes 

display stereospecificity. Click reactions are 

frequently used to join a reporter molecule with a 

biomolecule to create a hydrogel product.
[23]

 

Dienophiles and electron-rich dienes are involved 

in the click chemistry reaction, which is a Diels- 

alder-type cycloaddition reaction. The creation of 

products without the formation of unwanted 

byproducts is one advantage of these 

processes.
[24]

 

Schiff Base Approaches 

Schiff bases are created when amino and 

aldehyde groups combine, forming imine bonds 

in the process. Aldehydes like glutaraldehyde and 

dihydrazides like adipic acid dihydrazide are 

examples of common crosslinkers. Low pH, high 

temperature, and methanol as an inhibitor are 

usually necessary for this crosslinking. Hydrogel 

production frequently involves the usage of 

proteins (such as albumin and gelatin) and amino-

functionalized polysaccharides.
[24]

 

Michael - Type Addition Reaction 

Michael addition is a process used to create 

injectable hydrogels that involves a reaction 

between an electrophile (acrylate esters, 

acrylonitrile, or acrylamides) and a nucleophile 

(enolates, amines, thiols, or phosphines). By 

conjugating these groups with natural polymers 

like chitosan, dextran, and hyaluronic acid, 

hydrogels have been created through Michael 

reactions. The advantages of Michael addition 

include mild reaction conditions, regioselectivity, 

and an efficient, favorable reaction rate.
[24]

 

Enzymatic Crosslinking 

One important technique for creating 

biocompatible supramolecular hydrogels for use 

in biomedical applications is enzymatic 

crosslinking.
[25]

 These hydrogels break down into 

non-toxic byproducts and have better 

pharmacokinetics. The concentration of the 

substrate or enzyme can be changed to modify 

their characteristics. Especially appropriate are 

enzyme-catalyzed reactions carried out under 

physiological settings, such as at body 

temperature, neutral pH, and aqueous medium. 

Tyrosinase, transglutaminase (TG), lysyl oxidase, 

sortase A (SrtA), alkaline phosphatase (ALP), 

and peroxidases, including horseradish 

peroxidase (HRP), are notable enzymes utilized 

in hydrogel crosslinking.
[24,25]

 

PLATFORMS BASED ON IN-SITU PHASE 

SEPARATION 
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Another method for getting anticancer 

medications to the tumor site is in-situ phase 

separation. Phase separation can be induced by 

changing the solubility of the polymer with 

respect to changes in pH, temperature, or by 

elimination of solvent.
[14]

 

a. pH- sensitive platforms 

One method for gelating polymers with ionized 

functional groups is to undergo sol-to-gel 

transition by varying the pH. A pH-responsive 

phase change from solution to gel is experienced 

by a number of polymers.
[26]

 

Ionizable acidic (such as carboxylic or sulfonic 

acids) or basic (such as ammonium salts) groups 

found in pH-responsive polymers have the ability 

to donate or receive protons based on the pH of 

the surrounding environment. Ion exchange 

occurs inside the polymer network when basic 

groups protonate at low pH and acidic groups 

deprotonate at high pH. Because these 

interactions, like association, dissociation, and 

ion binding, cause hydrogel to swell in aqueous 

Anionic polymers like polyacrylic acid (PAA) 

and alginate are ionized by increasing pH, 

whereas cationic polymers like 

poly(diethylaminoethyl methacrylate) 

(PDEAEM) and chitosan are ionized by 

decreasing pH.
[27]

 Conditions that affect 

electrostatic repulsion, such as pH, counterion 

type, and ionic strength, can regulate the swelling 

of hydrogels.
[28]

 

b. Thermo-sensitive gels 

Typically, thermosensitive targeting drug 

delivery  system use a specific kind of stimuli-

responsive polymer that exhibits a temperature-

dependent volume phase transition.
[29]

 A lower 

critical solubility temperature (LCST) is used to 

determine the temperature at which certain 

polymers display a transition. The loaded 

medicine may be released from the drug delivery 

systems under regulated conditions as a result of 

the polymer's phase shift.
[30]

 

Both hydrophilic and hydrophobic components 

are included in the topologies of thermosensitive 

polymers.  By altering the connections between 

hydrophilic and hydrophobic segments and water 

molecules, temperature affects the crosslinked 

network's solubility as well as the sol-gel phase 

transition. With variations in the ambient 

temperature, the gelation process can be 

reversed.
[31]

 

Thermosensitive hydrogels are categorized as 

either positive or negative based on how they gel. 

i. Hydrogels with positive 

thermosensitivity 

Hydrogels that are positively thermosensitive 

have an upper critical solution temperature 

(UCST), and these hydrogels can shrink and stay 

in the mixture.
[32]

  The enthalpy of the solution 

changes, which drives the gel-to-sol transition.  

ii. Hydrogels with negative 

thermosensitivity 

Compared to positive thermosensitive hydrogels, 

negative thermosensitive hydrogels have lower 

critical solution temperatures. Negative 

thermosensitive hydrogels are frequently 

employed to create in situ gelling systems for 

prolonged drug release because of their gelation 

behavior above the lower critical solution 

temperature (LCST). Because of the system's 

growing entropy, negative thermosensitive 

hydrogels stay in sol form below LCST and 

progressively change into a gel above LCST.
[33]

  

The ideal precondition for intratumoral drug 

delivery would be an aqueous polymer solution 

that easily flows at ambient temperature and gels 

at physiological temperature (37 °C). Both 
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natural and manufactured polymeric materials are 

taken into consideration for this method. Well-

known synthetic polymers using this method 

include copolymerized materials of PEO and PPO 

(PEO–PPO–PEO), also known as Pluronic® 

(BASF) or Poloxamer, and copolymerized 

materials of PNIPAAM.
[34]

 These amphiphilic 

copolymers have the ability to self-assemble into 

micellar structures in water above the critical 

micelle concentration (CMC).
[35]

  

Table: 1. Recent studies of in situ hydrogel systems in tumor treatment based on stimuli 

Stimuli                   Polymer                 Anticancer agent      Cell line                 Reference  

Temperature    (PLGA-PEG-PLGA)             Herceptin               SK-BR-3, breast               
[36]

 

  Antibody                cancer cell line 

                                   

 

Temperature         Pluronic                         Tamoxifen                Ehrlich                              
[37]

                                                             

                                                                    citrate (TMC)        carcinoma   

                                                                                                   cell line 

 

pH                         Based on gelatin             Doxorubicin          MDA-MB-231                    
[38]

 

                              and PEG                                                     triple negative  

                                                                                                  breast cancer cell line            
  

 

c. Solvent- based in-situ phase separation 

 In the solvent-based approach, the anticancer 

drug is mixed with an organic solvent that 

contains dissolved polymer to create an injectable 

solution or dispersion. When the drug is 

administered, the organic solvent diffuses into the 

surrounding tissue, and body fluid enters the 

depot; consequently, solvent exchange causes the 

polymer to precipitate, creating a depot at the 

injection site, where the extra therapeutic 

substance is either released by diffusion or depot 

degradation after being trapped in the depot 

matrix. 

In short, a biocompatible organic solvent 

dissolves a biodegradable water-insoluble 

polymer like PLA and PLGA. After that, the 

medication is added to the polymer solution to 

create a suspension or solution. After that, the 

combination can be injected into the body to 

create an implant inside the tissue and release the 

solvent. 

This method allows for the use of hydrophobic 

polymers as biodegradable materials, including 

polyorthoesters, polyhydroxylacids, 

polyanhydrides, and other biopolymers. Based on 

Atrigel® technology, Eligard® is an example of a 

subcutaneous drug delivery solution of leuprolide 

designed for the treatment of prostate cancer.
[28]

 

Polymers used in in situ forming hydrogel 

Polymers 

Hydrogel polymers are classified as natural or 

synthetic. Natural polymers offer excellent 

biocompatibility and biodegradability but may be 

immunogenic due to contaminants and often lack 

rigidity and stretchability. Synthetic polymers 

allow tunable mechanical properties, degradation 

rates, and stimulus responsiveness, though they 

generally have lower biocompatibility.  

i. Natural polymer 

Chitosan (CS) 
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Chitosan is a natural polymer, biocompatible, 

enzymatically degradable, and often non-

cytotoxic; it has no negative impact on healthy 

tissues and organs close to the injected tumor 

location
[39]

 The partial deacetylation of chitin 

derived from the reprocessing of seafood waste 

yields chitosan, a family of cationic 

polysaccharides with the fundamental chemical 

structure of (1,4)-linked 2-amino-2-deoxy-D-

glucans that are manufactured commercially
[40]

 

Figure 2: Chemical structure of  chitosan 

Pectin 

Pectins are a family of polysaccharides that 

mostly consist of α-(1-4)-D galacturonic acid 

residues in their polymer backbone. The egg-box 

model describes how low methoxy pectin 

(esterification <50%) crosslinks the galacturonic 

acid chain and readily gels in an aqueous solution 

when free calcium ions are present. Calcium ions 

are typically needed to create a gel that can be 

used as a drug delivery vehicle, while pectin 

gelation happens when H+ ions are present. 

Pectin's primary benefit in these formulations is 

its water solubility, which eliminates the need for 

an organic solvent.
[41]

 

            

       Figure 3: Chemical structure of  Pectin 

Alginate 

Alginates are natural anionic biopolymers that are 

usually extracted from brown seaweeds.
[42]

 

Alginates are unbranched polysaccharides made 

up of 1,4-linked b-D mannuronic acid (M) and a-

L-guluronic acid (G) units that are covalently 

linked together in varying numbers and sequence 

distributions along the polymer chain.
[43]

 That is, 

it undergoes ionic crosslinking by the addition of 

calcium ions (Ca
2+

) due to the reaction between 

Ca
2+

 and the carboxyl groups on alginate 

molecules.
[44] 

Because of its many advantageous 

qualities, including hydrophobicity, 

biocompatibility, and the availability of hydroxyl 

and carboxyl groups for customized chemical 

modifications, it is widely employed in the 

biomedical industry.
[39,45]

 

 
      Figure 4: Chemical structure of  alginate 

Hyaluronic acid (HA) 

HA is a natural glycosaminoglycan and a crucial 

part of the skin's extracellular matrix and has 

outstanding biocompatibility.
[46,47]

 It may be 

broken down using a range of enzymatic and 

nonenzymatic methods.
[48]

 Hyaluronidases, or 

HAases, are frequently employed in enzymatic 

degradation and have been applied in a range of 

therapeutic settings. By aiding in the hydrolysis 

of the β1,4 linkages, HAase disassembles HA 

into fragments of varying length. Acidic or 

alkaline environments, ultrasonication, high 

temperatures, or the presence of oxidants or free 

radicals are examples of nonenzymatic techniques 

for breaking down HA.
[49]

 



K. C. Anaswaraashok., Int. J. of Pharm. Sci., 2025, Vol 3, Issue 5, 1763-1781 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 1771 | P a g e  

 

  Figure 5: Chemical structure of  hyaluronic acid  

Cellulose  

The polysaccharide cellulose is made up of 

repeated β -D-glucopyranose units that come 

from a variety of sources, such as wood pulp, 

cotton, tunicates, fungi, bacteria, and algae.
[50]

 

The mechanism of gelation is based on the fact 

that cellulose and its derivatives have a lot of 

hydrogen bonds, which means that at low 

temperatures, their hydrophobic groups can only 

be simply entangled without aggregating. As the 

temperature rises, the hydrogen bonds are broken, 

which is caused by dehydration. Cellulose and its 

derivatives increase the intermolecular 

hydrophobicity and create hydrogel, which is a 

good example of the polymers. Biocompatible 

polymers like hydroxypropyl cellulose (HPC) are 

the most commonly used. This thermosensitive 

polymer has a Lower Critical Solution 

Temperature (LCST) of roughly 41
◦
C. Because of 

its biocompatibility, it is a useful tool for 

applications in the biological and medical 

domains.
[51]

 

 
Figure 6: Chemical structure of cellulose 

ii. Synthetic polymers 

Poly(N-isopropylacrylamide) PNIPAM 

Due to its distinct heat sensitivity, PNIPAM is 

frequently utilized in the manufacturing of 

injectable in situ-forming hydrogels. The internal 

hydrogen bonding of  PNIPAM is strong, and it is 

in a solution state when the temperature is below 

LCST; it is in a gel state, its hydrophobicity is 

enhanced, and the temperature is higher than 

LCST.
[52]

 PNIPAM-based hydrogels, however, 

have poor mechanical qualities and, non-

biodegradable gelation rates, which significantly 

restricts their use. Block copolymerization, 

grafting, mixing, and interpenetrating network 

structure are frequently used to alter it in order to 

enhance its characteristics.
[53]

 

 
Figure 7:Chemical structure of Poly(N-

isopropylacrylamide) 

Poloxamer 

Poloxamers are biodegradable, biologically inert, 

and heat-sensitive polymers.
[54]

 It is included in 

the class of amphiphilic triblock copolymers 

made up of two terminal hydrophilic 

poly(ethylene oxide) (PEO) blocks and a central 

hydrophobic poly(propylene oxide) (PPO) block. 

There are various types of poloxamers, from 

which poloxamer 407 (P407), with the triblock 

structure of PEO100-PPO65-PEO100, has 

garnered a lot of attention for possible drug 

delivery applications because of its 

thermosensitive behavior and 
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biocompatibility.
[55,56]

  P407 is liquid at low 

temperatures due to hydrogen bonds between the 

polymer blocks and water molecules; these 

hydrogen bonds destabilize when heated.
[56]

 The 

molecular weight and the ratio of hydrophilic 

(PEO) to hydrophobic (PPO) characteristics 

determine the physical and chemical 

characteristics of these non-ionic surfactants.
[57]

 

 
Figure 8:Chemical structure of  Poloxamer 

Poly( D L-lactide-co-glycolide) PLGA 

The linear aliphatic copolymer known as 

polylactic-co-glycolic acid is produced by block 

copolymerization of its component monomers, 

lactic acid (LA) and glycolic acid (GA), in 

different ratios.
[58]

 In the presence of water, 

PLGA breaks down into acids and shorter-chain 

alcohols.
[59]

 The produced acids can further 

catalyze the polymer's hydrolysis reaction, a 

process known as autocatalytic hydrolysis. 

Autocatalysis is responsible for the degradation 

of PLGA during the whole drug release 

process.
[60]

 

 
Figure 9: Chemical structure of  PLGA 

APPLICATIONS 

1. Applications in postoperative 

treatment of tumors 

Glioblastoma (GBM)  

Glioblastoma, the most prevalent malignant 

primary brain tumor, is more common in middle-

aged people. Adjuvant chemotherapy is 

frequently used following surgical resection, but 

the tumor's deep location and the blood-brain 

barrier (BBB) frequently make it difficult to 

deliver drugs effectively. Additionally, the 

immunosuppressive tumor microenvironment and 

the aggressive nature of remaining tumor cells 

contribute to frequent recurrence, limiting 

average survival to 12 to 15 months.
[61]

 Gliadel® 

Wafer is an FDA-approved local delivery system 

that circumvents the blood-brain barrier and 

enhances drug delivery at the resection site. 
[62]

 

However, its uncontrolled drug release may cause 

complications, damage normal tissues, and 

encourage resistance. In recent years, hydrogels 

have been developed as chemotherapeutic agent 

carriers, and injectable in situ-forming hydrogels 

are especially well-suited for postoperative 

treatment of GBM. The drug may then be 

gradually delivered in the tumor's resected area 

once the hydrogel is quickly formed by injecting 

the precursor solution into the deep GBM 

resection cavity.
[53]

 

Skin cancer 

Melanoma is one of the most prevalent and lethal 

skin cancers, with an increasing incidence and 

mortality rate.
[63]

 This malignant tumor arises 

from melanocytes. The short half-life of the 

medication and wound problems result in 

significant recurrence rates and a poor prognosis 

even after surgery followed by radiation or 

chemotherapy. For the treatment of postoperative 

melanoma, near-infrared (NIR)-based 

photothermal therapy (PTT) has enormous 

potential due to its epidermal location. For 

improved multimodal PTT, injectable in situ 

forming hydrogels can efficiently incorporate 
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photothermal agents (PTAs) and other 

treatments.
[53]

 

Bone cancer 

Osteosarcoma seldom occurs in the elderly and is 

usually diagnosed in teenagers and young adults 

(10–20 years old). It often affects the long bones, 

particularly the femur.
[64]

 Adjuvant chemotherapy 

and surgical excision are the standard of care; 

nonetheless, aggressive remaining tumor cells 

and significant bone damage frequently lead to 

poor outcomes. Therefore, novel treatments that 

combine bone regeneration with anti-tumor 

effects are required.
[65]

 

Breast cancer 

The most common cancer in women is breast 

cancer, and 7% of cases return in situ following 

surgery.
[66]

 Recovery is hampered and the chance 

of recurrence is increased by surgical resection, 

which frequently causes tissue loss, 

inflammation, and infection. Tumor recurrence 

and breast tissue healing should therefore be 

addressed in successful postoperative         

therapies.
[67]

 The drug-loaded hydrogels not only 

increase life and prevent recurrence, but they also 

act as breast fillers and facilitate reconstruction 

because of their mechanical strength.
[53]

 

Liver cancer 

Hepatocellular carcinoma (HCC) had a low 

survival rate and high recurrence rate, so it was a 

main cause of cancer-related fatalities.
[68]

 Even 

though surgery (hepatectomy or transplantation) 

is the main treatment, it has poor results due to 

issues like hemorrhage, recurrence, and tissue 

defects. Antitumor therapy and immunological 

response are hampered in HCC patients by their 

acidic, immunosuppressive microenvironment. 

Hydrogels that regulate bleeding and alter this 

environment therefore have potential for the 

treatment of HCC.
[69]

 

Colorectal cancer (CRC)  

According to oncologic pathology, colorectal 

cancer ranks as the third most prevalent kind of 

cancer.
[70]

 High recurrence rates and 

comorbidities have a significant negative 

influence on patients' quality of life, even with 

postoperative chemotherapy and radiation 

therapy.
[71]

 Poor drug targeting and solubility lead 

to low concentrations at the resection site and 

systemic side effects; hypoxic tumor 

microenvironment reduce the effectiveness of 

radiotherapy; and postoperative tissue adhesions 

cause chronic complications. These factors are 

the main causes of poor prognosis in colorectal 

cancer. One interesting approach is localized 

medication delivery using hydrogels.
[72]

  

Table 2. recent studies of hydrogels directedly applied in localized postoperative tumors 

treatment. 

Cancer type  Host material        Drug                       Function                         Reference  

Glioblastoma   Chitosan,            Temozolomide         To combat tumor                    
[73]

 

(GBM)          PLGA Nanoparticle    & Carmustine      two chemotherapeutic 

                                                                                agents work in concert. 
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Skin cancer      L-phenylalanine            Polydopamine         Using photothermal                 
[38]

 

                                                       nanoparticles and       treatment to reduce 

                                                         doxorubicin                inflammation &  

                                                                                         and achieve thermally 

                                                                                         induced medication  

                                                                                         release 

Breast cancer    methylcellulose          PLGA MPs,  820      Fillers for the breast              
[74]

 

                                                                                         cavity, photothermal 

                                                                                          and encouraging 

                                                                                           breast reconstruction 

Colo- rectal       Poloxamer                 5 Fluorouracil          5Fu contained in a                 
[75]

 

Cancer                                                                                  hydrogel has a good 

                                                                                             antitumor growth   

                                                                                             growth impact and  

                                                                                             effectively extends  

                                                                                             its release time. 

 

2. Application in postoperative 

adjuvant treatment 

A number of postoperative problems, including 

tissue damage, hemorrhage, inflammation, 

bacterial infections, and inter-tissue adhesions, 

are frequently experienced after tumors are 

surgically removed. These difficulties may be 

significant contributors to a poor patient 

prognosis or even treatment failure.  In terms of 

injectable in situ-forming hydrogels' applicability, 

it helps to prevent the issues mentioned above.
[53]

  

Hemostasis 

The injectable hydrogel is not only a helpful 

adjuvant treatment for hepatocellular carcinoma, 

but it may also be used as a dressing to close 

wounds. Since there are many blood vessels 

surrounding liver tumors that must be removed 

during hepatectomy, the procedure takes longer 

because of intraoperative bleeding and increases 

the risk of bacterial infections and cancer cell 

metastases. In contrast, injectable hydrogel can be 

used to quickly close the wound and stop the 

bleeding.
[76]

 

Antibacterial infection 

Bacterial infection is one factor that contributes 

to the poor prognosis of malignancies, especially 

skin cancer. Bacterial germs can readily enter the 

body and cause dangerous bacterial diseases 

when the skin barrier is weakened.  This may 

hinder the healing of wounds and affect the 

patient's recovery.   The region where the tumor 

was removed is immediately covered with 

hydrogel, which protects it from more infection 

damage.
[53]

 

Anti-inflammatory 

Following a bacterial infection, the body may 

have an inflammatory response, and a prolonged 

inflammatory response can significantly affect 

wound healing. As a result, postoperative care of 

tumors also requires anti-inflammatory therapy, 

and hydrogels are the most widely used delivery 

system for anti-inflammatory medications.
[77]

 

Tissue repair and wound healing 

Unquestionably, the removal of tumors results in 

tissue loss, which affects patients' normal tissue 

function, appearance, and mental health. 

Hydrogels should be used to eliminate tumor 
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cells before repairing damaged tissues during 

cancer surgery.
[78]

 Hydrogels' unique three-

dimensional pore structure and functional groups 

can serve as cell binding sites and promote cell 

adhesion linked to tissue restoration
[79]

 

CONCLUSION  

Injectable in-situ forming hydrogels provide a 

versatile and effective approach for localized 

cancer therapy, particularly in postoperative 

settings. Numerous advantages are provided by 

these systems, such as improved treatment 

efficacy, fewer systemic adverse effects, and 

regulated and prolonged drug release. Various 

natural and synthetic polymers, as well as 

crosslinking strategies, allow customization to 

meet specific clinical needs. Moreover, their 

ability to fill irregular tumor cavities and support 

hemostasis, antibacterial action, inflammation 

reduction, and tissue repair make them especially 

valuable for post-surgical applications. Despite 

some limitations like stability and drug-loading 

challenges, continued innovation in polymer 

chemistry and formulation design is expected to 

overcome these hurdles. Overall, Insitu forming 

injectable hydrogel depot represent a promising 

strategy for improving outcomes in cancer 

treatment and patient quality of life. 
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