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In past many years, anticancer exploration has prompted noteworthy outcomes in spite 

of a significant number of the endorsed sedates as yet being described by high 

fundamental harmfulness principally because of the absence of growth selectivity and 

present pharmacokinetic downsides, including low water dissolvability, that adversely 

influence the medication course time and bioavailability. The soundness studies, acted 

in gentle circumstances during their turn of events or under focusing on openness to 

high temperature, hydrolytic medium or light source, have shown the awareness of 

anticancer medications to numerous boundaries. For this reason, the development of 

corruption items is evaluated both in drug definitions and in the climate as emergency 

clinic squander. Until this point in time, various plans have been created for 

accomplishing tissue-explicit medication focusing on and decreasing poisonous 

incidental effects, as well concerning further developing medication solidness. The 

improvement of prodrugs addresses a promising technique in designated disease 

treatment for working on the selectivity, adequacy and steadiness of dynamic mixtures. 

Late examinations show that the joining of anticancer medications into vesicular 

frameworks, like polymeric micelles or cyclodextrins, or on the other hand the 

utilization of nanocarriers containing chemotherapeutics that form to monoclonal 

antibodies would be able further develop solvency, pharmacokinetics, cell retention and 

steadiness. In this review, we sum up the most recent advances in information in regards 

to the improvement of successful profoundly stable anticancer drugs formed as steady 

prodrugs or captured in nanosystems. 

 

INTERNATIONAL JOURNAL OF  

PHARMACEUTICAL SCIENCES 

[ISSN: 0975-4725; CODEN(USA): IJPS00] 

Journal Homepage: https://www.ijpsjournal.com 

 

Review Article 

Recent Advances and Challenges of Anticancer Drugs 

Vinayak Gangurde*
1

, Pranjali Hake
2

, Gopal Thokare
3 

1,2 RJS College of Pharmacy, Kokamthan, Kopargaon. 
3 Loknete Shri Dadapatil Pharate College of Pharmacy, Mandavgan Pharata, 

ARTICLE INFO                              ABSTRACT                      
Published:   20 Dec 2025    

Keywords: 

cancer therapy; drug 

stability; prodrugs; vesicular 

systems; nanoparticles; 

trastuzumab nano-

formulated combinatorial 

drug; ratiometric; 

sequential; spatiotemporal; 

controlled release 

  DOI:    

10.5281/zenodo.18001772 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

The Worldwide Disease Rate, Mortality and 

Pervasiveness (GLOBOCAN) is an intelligent 

web-b-based stage that gives disease insights 

assessing the rate and mortality for 36 sorts of 

malignant growth and all disease locales 

consolidated in 185 nations. As per information 

gathered in 2020, it has been assessed that one out 

of five individuals overall foster disease in their 

https://www.ijpsjournal.com/
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lifetime, while one of every eight men and one out 

of eleven ladies pass on from the illness. The 

maturing populace development, as well as 

financial gamble factors, could add to the 

expansion in these assessed numbers [1]. Disease 

therapy choices incorporate a medical procedure, 

radiation and chemotherapy, or a combination of 

them. Chemotherapy is a fundamental 

methodology and comprises of directing one or 

more synthetic substances that can harm quickly 

developing cells, like dangerous ones. 

Nonetheless, these specialists, being non-

particular, generally harm solid cells and tissues 

with quick turnover, causing serious harmful 

impacts. The fast rise of medication obstruction, 

the flimsiness of the particles and the unfortunate 

dissolvability in water, which makes them unfit to 

penetrate through cell layers, address further 

downsides of chemotherapy. To defeat these 

constraints, at least two chemotherapeutics are 

normally utilized in mix. Other therapeutic 

systems to treat various sorts of disease depend on 

the utilization of little particles, counting qualities, 

little RNAs and plasmids, which, in any case, 

show impediments due to their unfortunate 

dependability in vivo [2]. Atoms These detriments 

of ordinary anticancer medications are the 

justification for why the development of elective 

therapies with decreased unfriendly secondary 

effects and moved along remedial viability is as 

yet requesting. A viable system to build the 

selectivity of chemotherapeutics includes the 

utilization of prodrugs. The last option are latent 

mixtures that are artificially or enzymatically used 

in the dynamic medication, lessening the 

fundamental harmfulness of traditional treatments 

[3]. Moreover, prodrugs can valuable in decrease 

drug poisonousness. For instance, albeit the 

adequacy of change metals is broadly perceived, 

because of their natural harmfulness, they are by 

and large excluded from drug treatments. The plan 

of change metal-based prodrugs could, thusly, 

make them less harmful, permitting the medication 

to arrive at remedially helpful levels [4]. Prodrug 

treatment, in this manner, gives an elective way to 

deal with planning less receptive and less 

cytotoxic medications. The plan of these new 

mixtures could likewise assist with beating drug, 

pharmacokinetic and pharmacodynamic obstacles. 

They can be utilized to increment dissolvability 

and improve, as a matter of fact compound 

security and organoleptic attributes, like the kind 

of the medications. In specific, they can be 

intended to work on the retention all through the 

blood-cerebrum boundary or to expand the 

restorative record, as well as the site-of-activity 

selectivity [5]. Since these specialists offer various 

benefits, until this point, a few prodrug plans have 

been created and really utilized for the therapy of 

various types of disease The consolidation of 

anticancer medications into drug conveyance 

frameworks (DDS) addresses one more way to 

deal with effectively address pharmacological and 

pharmacokinetic impediments what's more, to 

convey medications to the restorative site of 

activity while lessening unfriendly side 

straightforwardly impacts. In like manner, 

imaginative nanotechnologies significantly 

affected clinical therapeutics, including anticancer 

medications [69,70]. Among the most 

concentrated on joining frameworks, vesicular 

grids, for example, niosomes, cubosomes or 

polymeric frameworks, have shown the best 

outcomes [71-73]. Imaginative focusing on 

approaches can likewise be addressed by 

nanocarriers containing chemotherapeutics 

formed to particles ready to tie to overexpressed 

antigens (monoclonal antibodies, mAb) [74-77]. 

The steadiness of a medication is confirmed during 

all transformative phases, through investigations 

did both on the dynamic fixings and on the last 

plan. The insightful strategies are by and large in 

light of the mandates contained in the ICH 

(Worldwide Conference on Harmonization) Rules 
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to guarantee the wellbeing, viability and nature of 

the medications tried. As per this archive, the 

soundness tests are done in various environmental 

states of preservation (pH, temperature, light, air 

and mugginess) [78-80]. In the quality control of a 

medication, the scientific strategy is painstakingly 

chosen in light of the qualities of the medication or 

its plan to quantify the amount of the medication 

leftover over the long run and its conceivable side-

effects. As a general rule, chromatographic 

strategies address the most usually utilized 

strategy, both for the partition and quantization of 

analytes. Besides, the strength of numerous 

antineoplastic medications has been concentrated 

on in surface waters and wastewater treatment 

effluents as these mixtures, once in the climate, 

can be destructive to sea-going life forms as they 

are mutagenic, genotoxic, cytotoxic, cancer-

causing also, teratogenic [81]. In this work, the 

latest discoveries in this field have been explored, 

centering in specific on late methodologies really 

used to evaluate the solidness profile of anticancer 

prodrugs and drugs and to work on their 

pharmacokinetic and innovative profiles. A large 

portion of the surveys distributed in the writing 

center around the disadvantages of anticancer 

drugs [82,83] or the utilization of nanocarriers as 

DDS [84,85]. In this study, every one of the 

outcomes distributed to date on the strategies used 

to defeat the pharmacokinetic and 

pharmacodynamic cutoff points of these 

medications, as well as to ensure the improvement 

in their security profile, have been gathered. 

Specifically, the upsides of utilizing prodrugs or 

potentially integrating drugs or prodrugs into 

vesicular frameworks were entirely analyzed. 

These methodologies favor the restorative 

specialist in arriving at the site of activity at 

compelling fixations while altogether decreasing 

poisonous impacts. The advantages and 

disadvantages of the utilization of mAb or other 

trial methodologies for beating the constraints of 

regular drugs have additionally been talked about.  

Steadiness of Anticancer Medications: 

The steadiness of most anticancer mixtures has 

been tried under various experimental conditions. 

Given the disturbing grouping of a few 

antineoplastic specialists or their debasement 

intensifies found in clinic sewer channels [86,87] 

or wastewater [88], a few studies have zeroed in 

on assessing their presence in the climate. In this 

unique circumstance, all strength tests have been 

led by presenting the medications to gentle 

circumstances, such as room temperature and 

regular pH of the water utilized as a dissolvable 

[89]. For instance, a number of cytostatic drugs, 

including daunorubicin, doxorubicin, vinblastine, 

chlorambucil, vincristine, irinotecan and 

melphalan, have been viewed as exceptionally 

unsteady in milli-Q water (pH of 6.3) because of 

the presence of responsive gatherings in their 

substance structures, which favor hydrolytic 

responses [90]. Specifically, daunorubicin, 

doxorubicin, irinotecan and vincristine have 

quickly corrupted, and just 10% of the underlying 

fixation has been distinguished after 5 min of 

openness. Then again, vinblastine, chlorambucil 

and melphalan have been debased during the 

initial 240 min. The soundness has been assessed 

in a watery climate by fluctuating boundaries, like 

pH as well as temperature. In water, Mitoxantrone 

debased into four stable breakdown items [91], 

which were distinguished utilizing fluid 

chromatography coupled to mass spectrometry 

(LC-MS). This medication experienced a fast 

change in its adaptation, bringing about the 

development of poisonous change items that 

stayed unaltered and stable in water for as long as 

two days. Busulfan (1,4-butanediol 

dimethanesulfonate), an alkylating specialist 

generally utilized for the therapy of persistent 
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myeloid leukemia, has shown significant 

precariousness in fluid arrangements [92]. The 

degradation, because of precipitation peculiarities, 

seems, by all accounts, to be temperature-

subordinate: as the stockpiling temperature 

increases, the solidness of the weakened 

arrangements diminishes. Busulfan is regulated by 

imbuement, yet, when ready in a plan produced 

using a concentrate, it has a generally short 

timeframe of realistic usability. The solidness of 

the arrangement increments just somewhat when 

put away at 2-8 ◦C, no matter what the holder 

material utilized Utilizing inductively coupled 

plasma mass spectrometry (ICP-MS), it was 

feasible to survey the solidness profile and the 

presence in clinic wastewater of cytostatic 

subordinates of platinum (CPC), antineoplastic 

specialists broadly utilized in clinical applications. 

These compounds, discharged by treated patients, 

arrive at water systems and sewers, causing 

impeding impacts on biota, even at low fixations 

[87]. Notwithstanding every one of the mixtures 

having a place with the CPCs class, for example, 

oxaliplatin, carboplatin and cisplatin, having a 

comparative synthetic structure, their conduct in 

the climate is very unique. These mixtures in, truth 

be told the climate go through the cycles of 

hydrolysis, photolysis, weakening, adsorption, 

sedimentation of suspended solids and 

biodegradation in an unexpected way, prompting 

unmistakable unaltered mixtures or debasement 

items [93]. Cisplatin items are all the more 

effortlessly assimilated on the dirt surface 

contrasted with carboplatin and oxaliplatin 

subsidiaries because of the arrangement of H-

bonds or electrostatic communications with 

watery soil gatherings. The dependability of 

carboplatin in watery arrangement is all the more 

firmly connected with nucleophiles focuses and 

the pH of the medium, and, in all cases, this 

actuation cycle is more slow than that of cisplatin. 

Oxaliplatin produces responsive species that taint 

groundwater relying upon the organization of the 

fluid arrangement [94]. A few different 

examinations on the security of anticancer 

medications have zeroed in on the evaluation of 

the debasement profile and the development of 

change items straightforwardly after their 

openness to push conditions, as on account of 

imatinib, a profoundly powerful tyrosine kinase 

inhibitor utilized as a first-line anticancer 

medication in the therapy of persistent myeloid 

leukemia [95]. The photocatalytic corruption 

energy of this compound have been concentrated 

under heterogeneous photocatalysis delivered 

within the sight of extremists and the corruption 

component has been clarified from LC-MS 

investigation. Altogether, 12 transformation items 

have been distinguished, and in silico 

poisonousness tests showed that some of these 

atoms have underlying themes possibly equipped 

for harming DNA. The solidness of 5-fluorouracil, 

one of the most broadly involved chemotherapy 

specialists for the treatment of various kinds of 

malignant growth, has been concentrated on under 

various unpleasant circumstances utilizing 

superior execution fluid chromatography and 

infrared spectroscopy. Subsequently, the 

medication has shown great steadiness when 

presented to UV radiation, slight debasement at 

275 ◦C and more prominent debasement at 285 ◦C, 

a corruption of around 22% under corrosive 

hydrolysis conditions furthermore, roughly 97% 

under soluble ones and a debasement from 26% to 

41% when presented to oxidative circumstances 

[96] 

Table 1. Rundown of the anticancer medications and prodrugs and the sicknesses wherein they are 

generally utilized. 

Drug Classes Active Compound Prodrug Diseases 

Antimetabolites Mercaptopurine Azathioprine Acute lymphoblastic leukemia 
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5-Fluorouracil Capecitabine Breast cancer, esophageal cancer, 

laryngeal cancer, gastrointestinal 

and genitourinary tract cancer 

Deoxyadenosine Cladribine Hairy cell leukemia 

1-β-D-arabinofuranoside 

50-triphosphate 

Cytarabine Acute myeloid leukemia 

9-beta-D-arabinosyl-

2fluoroadenine 

Fludarabine Chronic lymphocytic leukemia 

5-Fluorouracil  Different types of neoplasms 

Gemcitabine diphosphate 

and triphosphate 

Gemcitabine Solid cancers 

6-Mercaptopurine  Acute lymphoblastic leukemia 

Methotrexate  Several kinds of cancer, such as 

colon cancer 

5-Fluorouracil Floxuridine Liver cancer 

Methyl-tetrahydrofolate Leucovorin Acute lymphoblastic leukemia 

Alkylating agents Busulfan  Chronic myelogenous leukemia 

Carmustine  Glioblastoma multiforme 

Acrolein and 

phosphoramide mustard 

Cyclophosphamide Several kinds of cancer and 

autoimmune disorders 

5-aminoimidazole-

4carboxamide 

Dacarbazine Malignant melanoma or sarcoma 

Lomustine  Brain tumors 

Mechlorethamine  Mycosis fungoides 

Melphalan  Multiple myeloma 

Azo-Procarbazine Procarbazine Hodgkin’s lymphoma 

Triethylenethio-

phosphoramide 

Thiotepa Ovarian cancer, breast cancer and 

superficial bladder cancer 

Semustine  Lewis lung carcinoma, leukemia, 

metastatic brain tumor, Hodgkin’s 

lymphoma, malignant melanoma 

and lung carcinoma 

Anthracyclines Daunorubicin  Leukemia 

Doxorubicin  Leukemia, breast cancer 

Epirubicin  Breast cancer 

Idarubicin  Acute leukemia 

Mitoxantrone  Breast and prostate cancers, 

lymphomas and leukemias 

Antitumor antibiotic Bleomycin  Hodgkin’s and non-Hodgkin’s 

lymphoma, renal, cervical, 

laryngeal, testicular, lung and others 

Dactinomicyn  Different solid cancer 

Mitomycin  Adenocarcinoma of the stomach 

Plicamycin  Testicular and germ cancers 

Epipodophyllotoxins Etoposide  Small-cell lung cancer, leukemia, 

lymphoma, breast and ovarian 

carcinomas, testicular cancer 

Teniposide  Small-cell lung cancer, leukemia 

Taxanes Cabazitaxel  Prostatic cancer 

Docetaxel  Metastatic prostate cancer 
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Paclitaxel  Ovarian, breast and lung cancer, as 

well as Kaposi’s sarcoma 

Vinca alkaloids Vinblastine Vinblastine-

NOxide 

Pancreatic ductal adenocarcinoma 

Vincristine  Precursor B-cell acute 

lymphoblastic leukemia 

Vinorelbine  Non-small-cell lung cancer and 

metastatic breast cancer 

Campotothecins SN-38 (7-ethyl-10-

hydroxycamptothecin) 

Irinotecan Solid tumors, including colorectal, 

pancreatic and lung cancer 

Topotecan  Cervical cancer 

Platinum analogs Carboplatin  Ovarian cancer cells 

Cisplatin  Solid cancers, such as testicular, 

ovarian, head and neck, bladder, 

lung, cervical cancer, melanoma, 

lymphomas and several others 

Oxaliplatin  Colorectal cancer 

Stability of Anticancer Prodrugs: 

Prodrugs are generally pharmacologically latent 

forerunners of helpful specialists, which are 

artificially or enzymatically changed inside the 

host into at least one dynamic metabolites. The 

capacity of a prodrug to work on the 

pharmacokinetic profile or security of a 

medication is notable [97]. Various 

methodologies, including the utilization of vector-

or bioprecursor-connected prodrugs, have been 

created to guarantee that a medication arrives at its 

objective in a legitimate focus. This approach 

permits beating a few downsides, including 

unfortunate water solvency, compound insecurity, 

insufficient oral or neighborhood assimilation, 

excessively short half-life and furthermore 

definition or organization issues, working with the 

gathering of a drug at the ideal site of activity and 

accordingly working on its selectivity and security 

[98]. Since a prodrug is changed into the 

comparing dynamic metabolite in vivo, security 

studies ought to be performed on the two types of 

the medication [81,87,98]. For instance, water 

sorption addresses the essential driver of 

capecitabine degradation. This cycle is affected by 

higher temperature and mugginess; as a matter of 

fact, the degradation is advanced rapidly at 40 ◦C 

in 75% RH. The utilization of thermoanalytical 

strategies and HPLC examinations have 

demonstrated the strength of capecitabine 

following a half year of capacity at 25 ◦C in 60% 

RH [99]. The corruption conduct of irinotecan 

hydrochloride has been researched under various 

ICH-suggested pressure conditions utilizing fluid 

chromatography-mass spectrometry showing the 

development of seven debasement items in drug 

measurement structures. The prodrug has been 

presented to oxidative, corrosive, base, hydrolytic, 

warm also, photolytic conditions with critical 

debasement in oxidative, base hydrolysis and 

photolytic conditions [100]. The solidness of 

floxuridine and leucovorin calcium in joined 

treatment has been tried at different focuses and 

temperature conditions. Both the compounds were 

steady after 48 h at each tried condition. 

Nonetheless, leucovorin calcium went through 

corruption, more perceptible at low fixations, at 

close physiologic body temperature contrasted 

with different temperatures (4-8 ◦C and 20 ◦C) 

[101]. In blend treatments, the debasement of a 

medication could be impacted by the chemical 

qualities of every part. The actual similarity and 
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substance security of irinotecan, weakened in 5% 

dextrose in water and joined with the racemic type 

of leucovorin, have been evaluated after the 

detailing, unprotected from light, has been put 

away at 23 ◦C. The arrangements stayed clear and 

lackluster all through the 24-h study period for 

every one of the tried groupings of the 

medications. Then again, in the plan ready with a 

low convergence of irinotecan (0.30 mg/mL) and 

a high grouping of leucovorin (3.60 mg/mL), a 

quick corruption of irinotecan was noticed, 

doubtlessly due to the higher pH of the 

arrangement brought about by the high grouping 

of leucovorin [102]. Light corruption of anticancer 

medications much of the time brings about change 

items that are likewise answerable for poisonous 

impacts. The photodegradation of 

cyclophosphamide and iphosphamide has been 

explored utilizing ruthenium-doped titanate 

nanowires in refined water and wastewater under 

UV-vis illumination. The outcomes demonstrated 

that ruthenium displayed photocatalytic action for 

both the medications, prompting the development 

of four photodegradation items for 

cyclophosphamide and six for isophosphamide. 

These items have been recognized by high goal 

mass spectrometry, affirming a higher 

concentration in wastewater concerning refined 

water. These outcomes have illustrated that 

ecological lattices can deliver different change 

items and that the trial conditions in 

photodegradation studies are basic and ought to, in 

this way, be as comparative as conceivable to 

those of natural frameworks [81]. Dacarbazine, an 

alkylating specialist usually utilized in mix with 

other chemotherapeutic specialists for the 

treatment of metastatic harmful melanomas, 

Hodgkin's lymphoma and pheochromocytomas, is 

changed over by light into 4-diazoimidazole-5-

carboxamide [103]. This photograph change item 

is many times liable for the aggravation responses 

saw during fringe intravenous imbuement during 

clinical application. The photodegradation profile 

of the medication arrangement  was resolved 

utilizing HPLC coupled to UV discovery. That's 

what the review exhibited photoproduct creation 

expansions in a period subordinate way up to 4 h 

at 4 and 25 ◦C regardless of the example being 

light-safeguarded, it isn't needed in to recommend 

that light protecting test arrangement. Ratiometric 

Medication Conveyance By hindering disease by 

means of various components through multi 

anticancer specialists, protection from anticancer 

specialists can be diminished to a more serious 

level than while utilizing a solitary anticancer 

specialist; besides, a synergistic impact can 

happen, prompting higher effectiveness. For 

explicit mixes to accomplish a synergistic 

anticancer impact, the medications should be 

conveyed to disease cells at a decent steady rate. 

Be that as it may, this is troublesome inferable 

from the different pharmacokinetic properties of 

medications [41]. Furthermore, the harmfulness of 

medications to typical cells can bring on some 

issues. These issues can be tackle utilizing 

nanoparticles as a transporter for blend drugs. 

Ratiometric drug discharge is a medication 

conveyance framework that all the while 

discharges tranquilizes that are typified in a 

nanocarrier, and this strategy can coordinate the 

pharmacokinetics of various medications 

Arrival of Co-Stacked Medications through pH 

Control: 

Entrance of medications into growth tissue is 

significantly troublesome inferable from the 

strange extracellular framework and high 

malignant growth cell thickness [43,44]. Along 

these lines, for improved viability, anticancer 

medications ought to act more specifically on 

malignant growth cells than on typical cells. 

Growth tissue has a generally low pH than typical 

cells; subsequently, anticancer specialists ought to 
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advance medication discharge under acidic pH 

conditions. To successfully infiltrate growth 

tissues, Xu et al. arranged cationic nanoparticles of 

VES-g-ε-PLL (Mongrel NPs) embodying the 

notable regular anticancer specialist hydrophobic 

curcumin (Dog) in vitamin E succinate-united ε-

polylysine (VES-g-ε-PLL) [28,45]. Then, at that 

point, pH-touchy center shell nanoparticles 

(PDCP-NPs) were framed utilizing doxorubicin 

(DOX) hydrochlorate and Mongrel NPs in 

dopamine-altered poly-γ-glutamic corrosive 

polymer (γ-PGA-Dopa) In these nanoparticles, γ-

PGA gives a medication stacking site to most 

essential chemotherapeutic medications through 

carboxyl-metal particle coordination or 

electrostatic cooperations. As a general rule, these 

nanoparticles contrast from other nanoparticles 

joining two medications in a polymer in light of 

the fact that DOX is exemplified in the external 

shell. γ-PGA has high biocompatibility and 

biodegradability; hence, it is nontoxic to the 

human body and adds to the steadiness of PDCP-

NPs in vivo and in vitro. Moreover, γ-PGA further 

develops drug conveyance effectiveness by adding 

to the intracellular ingestion of malignant growth 

cells. The side carboxyl gatherings of γ-PGA 

covered on PDCP-NPs are protonated in acidic 

circumstances to advance the quick arrival of 

DOX. Free amino gatherings of uncovered 

Mongrel NP are additionally protonated to build 

the delivery pace of Mutt from PDCP. Through 

this interaction, drugs with various actual 

properties can be delivered relatively. Mutt and 

DOX exemplified at a proportion of 3:1 in PDCP-

NPs were delivered at a proportion near 3:1 in 

malignant growth cells, and they therefore 

repressed the fast multiplication of malignant 

growth cells and caused apoptosis. In vivo, the 

PDCP-NP treatment bunch showed more 

grounded antitumor impacts than the single-drug-

stacked nanoparticle treatment bunch. In this way, 

synchronous conveyance of Mongrel and DOX 

showed preferable treatment proficiency over 

organization of single-drug-stacked nanoparticles. 

Moreover, cancer volume expanded over the long 

haul in the cerebrum of glioma rodents treated with 

Mongrel/DOX complex fluid and bilayer pH-

touchy DOX nanoparticles, though cancer 

development hindrance was seen in mice with 

treated with PDCP-NPs. Hence, it was affirmed 

that the endurance pace of mice after PDCP-NP 

treatment was delayed looked at that of mice after 

control treatment [28]. Nanoparticles can 

aggregate in growths through the EPR impact, yet 

at the same wasteful intracellular discharge brings 

about wasteful treatment [46-49]. To take care of 

this issue, Guo et al. concentrated decidedly 

charged polymer nanoparticles to further develop 

drug bioavailability through solid adsorption of 

adversely charged cell layers and cationic polymer 

nanoparticles [29]. The outer layer of cationic 

nanoparticles is normally finished with amino-rich 

practical gatherings. One model is ε-poly-l-lysine 

(EPLYS), a normally biodegradable 

homopoly(amino corrosive), which showed no 

cytotoxicity with the resultant nanoparticles [29]. 

Hence, Guo et al. manufactured novel double 

medication stacking polymeric nanoparticles 

utilizing polyethylene glycol (Stake) and EPLYS 

that truly typified lapatinib (LAP) and DOX 

(DMMA-P-DOX/LAP nanoparticles) [50-57]. In 

these polymer-drug forms, a corrosive cleavable 

linker was embedded between the medication 

particle and the polymer, speeding up the 

deterioration of the form under intracellular pH 

conditions to precisely convey and deliver drugs 

[58-62]. Along these lines, DOX was formed to the 

hydrophilic Stake EPLYS spine through corrosive 

labile imine bonds, and LAP was truly embodied 

into the nanoparticles; in this manner, after the 

cleavage of imine bond, the leftover hydrophobic 

chain was delivered deficient, prompting fast 

disintegration of nanoparticles. Through these 

processes, DOX and LAP were all the while 



Vinayak Gangurde, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 12, 3137-3153 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3145 | P a g e  

delivered. The DMMA-P-DOX/LAP nanoparticle 

showed that, following intravenous infusion, 

nanoparticles aggregated in the cancer tissue 

through the EPR impact, and the surface charge 

switched from negative to positive, improving 

cancer cell assimilation [29,63]. Accordingly, the 

low pH of the cells caused the cleavage of 

remaining amino gatherings, in this way quickly 

separating nanoparticles. In this way, DOX and 

LAP were at the same time delivered precisely into 

the cytoplasm, successfully restraining cell 

multiplication. Because of affirming the antitumor 

impact in vivo, the cancer was more smothered in 

the gathering treated with DOX and LAP 

nanoparticles contrasted with the gathering treated 

with just free DOX, free LAP, and DOX 

nanoparticles. Also, it was affirmed that growth 

volume in the DMMA-P-DOX/LAP nanoparticle 

bunch diminished more quickly than that in the 

DMMA-P-DOX nanoparticle bunch, and the 

cancer was totally eliminated after chemotherapy 

[29]. Nanoparticles are portrayed by upgrade 

responsiveness for compelling medication 

discharge at the target site, delivering drugs with 

natural changes. Among different boosts, the pH 

of the endosome/lysosome (pH 5.0) in disease 

cells is somewhat lower than that of the 

extracellular climate; in this way, pH 

responsiveness is most frequently utilized for 

guaranteeing drug discharge from nanoparticles 4. 

Stability of Anticancer Monoclonal Antibody 

These days, critical leap forwards have been 

accomplished in disease treatment by applying 

mAb-based immunotherapy as the antibodies can 

straightforwardly target harmful cells while at the 

same time advancing the enlistment of durable 

resistant reactions against malignant growth cells. 

Nonetheless, in spite of this approach having 

demonstrated to be extremely viable for the 

therapy of various types of malignant growth, a 

few downsides presently can't seem to be survived. 

Specifically, drug opposition and unfortunate 

solidness because of the glycoprotein idea of mAb 

keep on being the significant obstacles. The 

systems answerable for their insecurity are either 

compound or physical. Several boundaries and 

conditions, including the construction of the 

proteins, temperature and openness to light, 

influence mAb soundness [104]. The principal 

cycle connected with compound degradation is 

oxidation, which can happen both immediately or 

within the sight of oxidizing specialists, like 

peroxides or metals. A few amino corrosive 

buildups, like methionine and cysteine, are 

especially delicate to oxidation [105]. What's 

more, asparagine deposits can go through 

corrosive base deamidation, and, thus, a 

succinimide middle of the road is shaped and 

hydrolyzes unexpectedly to aspartic or isoaspartic 

corrosive [106]. Varieties in temperature or pH can 

prompt the unfurling of proteins, prompting a 

direct loss of mAb works and leaning toward their 

total, which addresses the primary reason for 

actual shakiness. During protein conglomeration, 

misfolded proteins gather each other to frame high 

atomic weight species (multimers), like oligomers 

and insoluble totals, through the arrangement of 

vague feeble bonds, including Van der Waals 

cooperations, hydrogen bonds, hydrophobic and 

electrostatic communications, without influencing 

the essential construction of the atoms [107]. 

Besides, in profoundly concentrated plans, 

because of the expansion in consistency, the 

development of totals becomes irreversible, 

prompting issues during the creation or the 

medication organization processes. By and large, 

fixings like salts, amino acids, sugars, polyols or 

surfactants are added to the definitions to defeat 

these peculiarities. In this unique situation, bis-

acetyllysine and propionyl serine have been 

distinguished as additional proficient specialists 

contrasted with the normally utilized excipients to 

limit the counter acting agent arrangement 

thickness while forestalling protein associations 
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[108]. The presence of a few fragrant amino 

corrosive buildups in the essential construction of 

mAb makes them especially delicate to light, in 

this manner actuating photodegradation with the 

arrangement of oxygenated extremists yet 

additionally fracture and cross-connecting. The 

impact of light on mAb accumulation ought to be 

examined in both the first medications and the last 

weakened details. Regardless of light not 

appearing to be engaged with an immediate 

change of the optional and tertiary designs of the 

mAb [104], it has been exhibited that light 

openness advanced the collection of monomeric 

and dimeric parts of an IgG1 monoclonal 

immunizer. Specifically, after the mAb openness 

to controlled illumination, portions with more 

prominent adaptability in the CH2 and CH3 spaces 

of both layered parts furthermore, decreased 

adaptability in certain sections of the Fab and CH1 

areas in the dimer portion have been distinguished 

by mass spectrometry examination [109]. The 

impact of light on mAbs accumulation ought to be 

examined on both the first formulation and the 

weakened planning embraced in clinical practice. 

Hernández-Jiménez et al. [110] have performed 

sped up photodegradation concentrates on the 

business drug and on the NaCl ordinarily 

weakened plan of five mAbs (bevacizumab, 

cetuximab, infliximab, rituximab and 

trastuzumab). The photodegradation profile has 

been assessed by size rejection chromatography, 

exhibiting the development of the totals because of 

the impact of light, in each trial. This cycle brought 

about mAb discontinuity and ensuing 

accumulation, which were more as often as 

possible found in weakened as opposed to 

concentrated solutions. Appropriately, the 

collection peculiarity is connected with the 

fixation and nature of mAb both when the plans 

are presented to light and in other upsetting 

conditions, like freeze/defrost cycles, for all 

medications examined. All mAbs went through 

degradation with resulting total or potentially 

disturbance of the protein chains, likely due to the 

breakdown of the cystines between the two 

weighty chains [111]. In spite of having a 

comparable IgG1 structure, bevacizumab and 

rituximab were steady when put away at 4 ◦C and 

in freeze/defrost cycles, with a restricted total 

development, while infliximab and cetuximab 

corrupted considerably under gentle 

circumstances [112,113]. Because of the 

restrictive three-layered structure settled in the last 

plan of Herceptin®, trastuzumab came about as 

the least light-delicate counter acting agent in spite 

of not being the most focused [111]. Furthermore, 

the utilization of surfactants in definitions can 

prompt auxiliary underlying changes [114]. The 

impact of various groupings of a non-ionic 

surfactant, sodium dodecyl sulfate, has been 

researched in bevacizumab details, illustrating old 

style total arrangement just at medium fixations 

(0.5-2 mM) of the surfactant. Alternately, at low 

fixations (0-0.2 mM), primary changes were seen 

on both the β sheet and the α helix, creating a 

confused construction. At high groupings of 

surfactant (3-5 mM), the development of confused 

structures expanded. Taking everything into 

account, mAbs are right now one of the main 

classes of biotechnological drugs for the treatment 

of illnesses with expanding rate in the populace, 

for example, malignant growth, immune system, 

fiery, irresistible and degenerative infections, and, 

since the start of the Coronavirus pandemic, they 

have been investigated as expected restorative 

devices. Subsequently, solidness studies are urgent 

during the advancement of helpful proteins to 

guarantee the quality and security of the last 

medication. More profound information on the 

instruments engaged with a protein can assist with 

keeping away from the beginning of 

conformational and colloidal changes that 

decrease its helpful viability 



Vinayak Gangurde, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 12, 3137-3153 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3147 | P a g e  

Summary of the anticancer drugs you listed, 

focusing on the period from 2014 to 2024: 

1. Nivolumab (Opdivo) 

Class: Programmed death-1 (PD-1) checkpoint 

inhibitor 

Mechanism: Blocks the PD-1 protein on T cells, 

allowing them to recognize and attack cancer cells 

Key Developments (2014-2024): Approved for 

various cancers, including melanoma, lung cancer, 

kidney cancer, and Hodgkin lymphoma 

Demonstrated significant improvements in overall 

survival and response rates compared to older 

therapies Investigated in combination with other 

immunotherapies and chemotherapies  

Toxicity:  Immune-related adverse events (irAEs) 

such as pneumonitis, hepatitis, colitis, and 

endocrinopathies Fatigue, skin rash, and pruritus. 

Newly Added Functional Groups/Molecules: 

Combination therapies with other checkpoint 

inhibitors (e.g., ipilimumab) and targeted therapies 

Why Better Than Older Drugs: Targets the 

immune system to fight cancer, offering a more 

specific and potentially more durable response 

than traditional chemotherapy Can be effective in 

cancers that are resistant to conventional 

treatments 

2. Pembrolizumab (Keytruda) 

Class: PD-1 checkpoint inhibitor 

Mechanism:* Similar to nivolumab, blocks PD-1 

on T cells 

Key Developments (2014-2024): Approved for a 

wide range of cancers, including melanoma, lung 

cancer, head and neck cancer, and bladder cancer 

Demonstrated significant clinical benefits in 

various settings, including first-line and later-line 

treatment Investigated in combination with 

chemotherapy, radiation, and other 

immunotherapies 

Toxicity: Similar irAEs as nivolumab 

Newly Added Functional Groups/Molecules: 

Combination therapies with other checkpoint 

inhibitors, chemotherapy, and targeted therapies 

Why Better Than Older Drugs: Offers a targeted 

approach to cancer treatment with potential for 

durable responses and fewer side effects than 

traditional chemotherapy 

3. Osimertinib (Tagrisso) 

Class: Epidermal growth factor receptor (EGFR) 

tyrosine kinase inhibitor (TKI) 

Mechanism: Specifically targets EGFR mutations 

common in non-small cell lung cancer (NSCLC) 

Key Developments (2014-2024): Approved for 

the treatment of EGFR-mutated NSCLC, 

including first-line and later-line settings 

Demonstrated significant improvements in 

progression-free survival and overall survival 

compared to older EGFR TKIs. Investigated in 

combination with other therapies, including 

chemotherapy and immunotherapy  

Toxicity: Diarrhea, skin rash, and interstitial lung 

disease 

Newly Added Functional Groups/Molecules: 

Investigated in combination with other EGFR 

TKIs and immunotherapy 

Why Better Than Older Drugs: Highly selective 

for EGFR mutations, leading to better efficacy and 

fewer side effects than older EGFR TKIs 

4. Amivantamab (Rybrevant) 
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Class: Bispecific antibody targeting EGFR and 

mesenchymal-epithelial transition factor (MET) 

Mechanism: Simultaneously binds to EGFR and 

MET, disrupting tumor growth and survival 

pathways 

Key Developments (2014-2024): Approved for 

the treatment of EGFR-mutated NSCLC with 

brain metastases Demonstrated significant activity 

in this challenging patient population Investigated 

in other EGFR-mutated cancers 

Toxicity: Infusion-related reactions, interstitial 

lung disease, and skin rash  

Newly Added Functional Groups/Molecules: A 

novel approach targeting two key drivers of tumor 

growth in EGFR-mutated NSCLC 

5. Ribociclib (Kisqali) 

Class: Cyclin-dependent kinase 4 and 6 (CDK 

4/6) inhibitor 

Mechanism: Blocks CDK 4/6, inhibiting cell 

cycle progression and tumor growth 

Key Developments (2014-2024): Approved for 

the treatment of hormone receptor-positive, human 

epidermal growth factor receptor 2 (HER2)-

negative advanced or metastatic breast cancer 

Demonstrated significant improvements in 

progression-free survival Investigated in 

combination with hormone therapy and other 

targeted therapies 

Toxicity: Neutropenia, thrombocytopenia, and 

fatigue 

Newly Added Functional Groups/Molecules: 

Investigated in combination with other CDK 4/6 

inhibitors and targeted therapies 

6. Zolbetuximab (Tezepelumab) 

Class: Monoclonal antibody targeting the thymic 

stromal lymphopoietin (TSLP) receptor 

Mechanism: Blocks TSLP signaling, which plays 

a role in the development of severe asthma 

Key Developments (2014-2024): Approved for 

the add-on maintenance treatment of adults and 

adolescents with severe asthma Demonstrated 

significant improvements in asthma control and 

reductions in exacerbations Investigated in other 

inflammatory diseases 

Toxicity: Injection site reactions and 

nasopharyngitis 

Newly Added Functional Groups/Molecules: A 

novel approach targeting a key driver of severe 

asthma 

7. Trametinib (Mekinist) 

Class: MEK inhibitor 

Mechanism: Inhibits MEK, a key enzyme in the 

MAPK/ERK signaling pathway, which is often 

dysregulated in cancer 

Key Developments (2014-2024): Approved for 

the treatment of melanoma, non-small cell lung 

cancer, and other cancers Demonstrated 

significant clinical benefits in combination with 

other targeted therapies Investigated in various 

other cancers 

Toxicity: Skin rash, diarrhea, and fatigue 

8. Yescarta (axicabtagene ciloleucel) 

Class: Chimeric antigen receptor (CAR) T-cell 

therapy 

Mechanism:* T cells are genetically engineered 

to express a CAR that recognizes and targets a 

specific antigen on cancer cells 



Vinayak Gangurde, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 12, 3137-3153 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3149 | P a g e  

Key Developments (2014-2024): Approved for 

the treatment of certain types of lymphoma 

Demonstrated high response rates and durable 

remissions in some patients Investigated in other 

hematological malignancies 

Toxicity: Cytokine release syndrome (CRS) and 

neurologic toxicities 

Newly Added Functional Groups/Molecules: 

A revolutionary approach to cancer treatment, 

harnessing the power of the immune system to 

fight cancer  

Summary of Anticancer Drugs 2014-2024 

The past decade has witnessed significant 

advancements in anticancer drug development, 

with a focus on targeted therapies and 

immunotherapies. Key examples include: 

• Checkpoint inhibitors like : Nivolumab and 

Pembrolizumab, which harness the immune 

system to fight cancer. 

• Targeted therapies: such as Osimertinib, 

which specifically target genetic mutations in 

cancer cells. 

• Antibody-drug conjugates: like 

Zolbetuximab, which deliver potent cytotoxic 

payloads directly to cancer cells. 

• CAR T-cell therapy: (Yescarta), a 

revolutionary approach that uses genetically 

modified immune cells to attack cancer. 

These newer drugs offer several advantages over 

older chemotherapies, including: 

• Increased specificity: Targeting cancer cells 

while minimizing damage to healthy tissues. 

• Improved efficacy: Leading to longer-lasting 

responses and improved survival rates in 

certain cancers. 

• Novel mechanisms of action:  Exploiting new 

pathways in cancer biology. 

However, these drugs also come with potential 

side effects and toxicities, such as immune-related 

adverse events, skin rashes, and low blood cell 

counts. The development of anticancer drugs has 

made significant strides in recent years, offering 

new hope for patients with various cancers. 

Continued research and innovation are crucial to 

further improve the efficacy, safety, and 

accessibility of these life-saving treatments. 

Anticancer Drugs in Nanoparticle Systems 

The turn of events and use of vesicular frameworks 

equipped for guaranteeing controlled conveyance 

of anticancer medications to the ideal site of 

remedial activity in sufficient amounts to apply 

their activities are expanding. These frameworks 

work on remedial viability while lessening 

negative secondary effects, giving many benefits, 

including improved pharmacodynamic and 

pharmacokinetic profiles, which bring about a 

delayed half-life and upgraded drug soundness, 

guaranteeing insurance from compound or actual 

corruption Since most antineoplastic specialists 

are extremely delicate to various circumstances, in 

clinical practice. improvement in the medication 

steadiness profile can improve on crafted by drug 

specialists during the readiness of various details, 

and of medical services experts while dealing with 

the medications that should be managed in clinic 

care Moreover, working on the dependability of 

anticancer specialists could work with home 

treatment as the medications could be provided to 

patients through convenient elastomeric siphons 

without taking a chance with their modification 

and, hence, treatment disappointment. The 

presently accessible nanocarriers for anticancer 

medications shift in structures, sizes also, 

physicochemical properties. These frameworks 

can be of regular beginning, and, hence, comprised 
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of basic designs got from phospholipids, like 

lecithin, and of synthetic nature and consequently 

portrayed by additional mind-boggling structures 

comprising of polymers now and then complexed 

with metals. Niosomes (non-ionic surfactant 

vesicles) are one of the most normally applied 

transporters for anticancer medications. These 

vesicles are acquired by the hydration 

methodology of a non-ionic surfactant with 

cholesterol in which the surfactants structure a 

shut bilayer vesicle in a watery medium in light of 

its amphiphilic nature. In this construction, the 

surfactant particles are situated away from the 

dissolvable so that the hydrophilic closures of the 

non-ionic surfactant point outwards and the 

hydrophobic finishes face each other to shape the 

bilayer, while the hydrophilic heads keep in touch 

with the watery dissolvable. With respect to the 

regular liposomes, the properties of the niosomes 

depend on the piece of the vesicles, size, 

lamellarity, tapped volume, surface charge and 

fixation. Notwithstanding, not at all like niosomes, 

liposomes are costly, and their parts, like 

phospholipids, effectively experience oxidative 

debasement. This conduct requires extraordinary 

capacity conditions and makes liposomes testing 

to deal with This multitude of designs incorporate 

both watery compartments for the joining of 

hydrophilic particles and lipid layers for the 

vehicle of lipophilic particles Throughout the 

course of recent many years, the utilization of 

nanoparticle (NP)- based DDS has shown 

numerous benefits in malignant growth treatment, 

including the capacity to beat drug obstruction 

brought about by overexpression of medication 

efflux carriers, inadequate apoptotic pathways and 

a hypoxic climate [85]. For instance, NPs can stay 

away from the openness of anticancer medications 

to efflux carriers as they enter the cell essentially 

through endocytosis instead of dissemination. 

Generally, the sort of NPs utilized in disease 

treatment (natural, inorganic or mixture) is 

planned or picked in light of their size and 

attributes, as well as the pathophysiology of the 

growths. Natural NPs incorporate liposome-and 

polymer-based NPs, like micelles furthermore, 

dendrimers, while inorganic NPs incorporate gold 

NPs (Au-NPs), carbon nanotubes, silica NPs, 

attractive NPs and quantum specks; at last, the 

crossover NPs that join the benefits of the various 

sorts incorporate the lipid-polymer, natural 

inorganic half and half NPs also, cell-layer 

covered NPs. 

CONCLUSIONS: 

The utilization of nanocarriers for drug 

conveyance gives the possibility of therapy to a 

few infections, including malignant growth, that 

have long been viewed as untreatable. These nano 

plans improve the bioavailability, solvency and 

take-up of medications, consequently decreasing 

treatment aftereffects while expanding 

cytotoxicity. This survey reveals insight into a few 

kinds of nanocarriers, with specific center around 

biopolymers and their true capacity for drug 

conveyance in cancer treatment. Future 

examination ought to zero in on the improvement 

of new ages of nanocarriers to work with the 

conveyance of the expanding number of 

medications focusing on various infections, 

including disease. In spite of their significant 

commitments to disease treatment, all regular 

chemotherapy drugs experience the ill effects of a 

few downsides, including fast disposal, 

unfortunate bioavailability, low intratumoral 

discharge, vague cytotoxicity and subsequent 

fundamental secondary effects, which are much of 

the time followed by the beginning of medication 

obstruction. Throughout the last ten years, to 

defeat these impediments, countless medication 

conveyance frameworks have been created, 

bringing about a huge improvement in the 

pharmacodynamic and pharmacokinetic profiles 
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of the medications, as well as in their 

physicochemical steadiness. Polymeric or lipid 

nanoparticles address the most regularly involved 

frameworks for integrating anticancer tranquilizes 

and forestalling accumulation in monoclonal 

immunizer definition. A few prodrugs are 

integrated into cyclodextrin frameworks, which 

are notable for their capacity to further develop the 

dissolvability profile of the integrated mixtures. 
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