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ABSTRACT 

Ovarian Cancer (OC) is associated with reduction in quality of life, which can affect physical, 

functional, social and sexual well being. The main cause of mortality for women due to ovarian 

cancer. The main treatment for women with OC is surgical cytoreduction, which is followed 

by adjuvant chemotherapy for high-risk cancers. Nanotechnology is a multidisciplinary field, 

which includes a broad range of products generated from chemistry, physics, biology, and 

pharmaceutical industries. To transport anticancer medication to tumours efficiently and 

perhaps enhance cancer treatment, nanocarriers are commonly employed. These carriers can 

essential in the fight against ovarian cancers. Among the most popular carriers for the targeted 

delivery of anticancer drugs of OC are organic nanoparticles like lipid and polymeric 

nanoparticles, whereas inorganic nanoparticles such as metallic nanoparticles. 
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1. INTRODUCTION 

The worldwide leading cause of death and increased mortality rate in past few decades is 

cancer. Epithelial tumors are the most common ovarian cancer (OC). With 5 year survival rates 

of less than 45%, OC is the seventh leading cause of cancer mortality, and the eighth most 

prevalent malignancy. In countries with poor economic outcomes, the incidence of OC has 

been rising. Due to OC, which is the main cause of mortality for women with gynecological 

malignancies, women often die from it in industrialized countries [1]. Although surgery and 

cytotoxic drugs (platinum-based chemotherapy) are the mainstay treatments, but in the last 

decade, like poly (ADP-ribose) polymerase (PARP) inhibitors, and bevacizumab, Bmab 

(monoclonal antibodies) have shown promising therapies for gynecological malignancy [2]. 

The most preferred inorganic substances are mesoporous silica nanoparticles (MSNs) because 

of their massive surface area, compatibility especially biocompatibility, cell safety 

(mammalian), and the capacity to modify both the interior and exterior surfaces as well. MSNs 

have tunable porosity and particle sizes, suitable for precise drug loading and release efficacy 

control. These are resistant to biochemical reactions like hydrolysis and destruction by 

enzymes. These features made these NPs a good fit for medication and gene delivery, as well 

as cancer imaging. The suitable candidate for drug delivery is chitosan because of its strong 

biodegradable and biocompatible nature. This naturally occurring polymer is typically created 

by deacetylating chitin [3]. 

 

1.1 Etiology 

To determine the occurrence and death rates of OC worldwide in 2020, the data generated by 

the International Agency for Research on Cancer (IARC) and made assessable in the Global 

Cancer Observatory (GLOBOCAN) record were utilized. According to research, total of 

313,959 new OC cases and 207,252 new deaths due to OC were reported globally in 2020. The 

high chances of incidence and mortality can be seen in five countries China, India, USA, 

Indonesia, and Russian Federation depicted in figure 1. 
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Figure 1:  Incidence rate and mortality rate of Ovarian cancer patients (Source: Globocan 2020) https://gco.iarc.fr/ 

  

There are number of risk factors that are related with OC. Age is a significant aspect for 

the development of severe illness stage, which often afflict postmenopausal women. It 

generally affects postmenopausal women, and the age aspect is associated with a high rate of 

occurrence of advanced disease stage, and subsequently lowering the survival rates. Having a 

hereditary cancer history of breast or ovarian cancer or personal history of breast/ovarian 

cancer strongly contributes to risk factors of ovarian cancer. Several studies have shown that 

smoking also increases the risk especially the risk of mucinous epithelial tumor [4]. 

1.2 Ovarian cancer study 

OC spreads directly to the cells of the distant organs of the body. However, distant metastasis 

is rare, but they can develop in the liver, lungs, adrenal glands, and spleen. Surgical debulking 

followed with chemotherapy is the standard treatment. The stage and grade of cancer greatly 

affect prognosis. Although in future, the advancements in the therapy may be affected by tumor 

biological profile. The most frequent kind of ovarian cancer is epithelial ovarian cancer, which 

has a dismal prognosis since 70% of cases are identified at stage III or IV. Types of ovarian 

cancer and their available treatment is given in the table 1. 
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Table 1: Origin, types, and available treatment of Ovarian Cancer 

Origin  Surface epithelial 

cells. (Epithelial 

tumors) 

Germ cell. (Germ 

cells tumors) 

Ovarian stroma 

(sex cord stromal 

tumors) 

Others 

(metastases) 

Frequency  65-70% 15-20% 5-10% 5% 

Age group 

affected  

20+years 0-25+years  All ages  Variable 

Types  Serous 

Mucinous  

Endometrioid  

Mature teratoma  

Dysgerminoma  

Yolk sac, 

choriocarcinoma, 

embryonal carcinoma   

Adult Granulosa 

cell tumor  

-fibroma/thecoma 

Krukenberg 

Tumor 

Drugs PEB, 

Cisplatin/platinol, 

etoposide, and 

bleomycin  

PEB, 

Cisplatin/platinol, 

etoposide, and 

bleomycin 

Leuprolide and 

goserelin, 

tamoxifen, 

aromatase inhibitor 

PEB, 

Cisplatin/platinol, 

etoposide, and 

bleomycin 

Therapy Combination of 

drugs 

 

Surgery, 

chemotherapy, 

radiation therapy 

Rarely used 

radiation therapy 

Combination of 

drugs  

Diagnosis   CA-125 blood test Serum tumor marker 

test 

Ultrasonic  CT scan 

1.3 Route of Administration 

The relative risk of ovarian cancer with transdermal ET is 1.13 (Cl 95%, 0.74-1.71), 

although with oral therapy of Estrogen the relative risk is 1.34 (Cl 95%, 1.12-1.60), which is 

not very significant statistically. On the other hand, there is slightly higher incidence of ovarian 

cancer with vaginal administration of ET which can be linked to oral estrogen therapy where 

relative risk is around 1.23 (Cl 95%,, 1.00-1.52) [5]. The risk of epithelial cancer of ovary is 

more in women who had undergone EPT through oral route of administration in comparison 

to the women hadn’t taken HT (RR, 1.48; 95 percent CI, 1.32-1.65). Also, no discernible 
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changes were observed in case of epithelial ovarian cancer when EPT was given orally and 

through transdermal route of administration.  

1.4 Symptoms 

Generally early symptoms of ovarian cancer are not noticeable. When symptoms of ovarian 

cancer arise, they are usually attributed to some other or more common conditions [6]. Data 

was recorded on symptoms that were obtained by a manual search or survey of medical records 

of reported cases (copies of letters from general practitioners and hospitals, multidisciplinary 

team (MDT) and hospital records). Every symptom was recorded, and data of the clinical 

records revealed that it had been present for more than a year, which was the threshold for 

defining it as longstanding. Figure 2 illustrates a few of the warning signs and symptoms 

associated with ovarian cancer. 

 

Figure 2 Symptoms of Ovarian Cancer patients 

1.5 Risk factors Associated with Ovarian Cancer 

The incidence of cancer is on the rise all over the globe because of causes such as population 

expansion, an increase in cancer risk factors, fewer births, and shorter durations of 

breastfeeding, as well as the practice of tube ligation. Some of the factors with which the 

ovarian cancer risk can be increases are: 

➢ Age: Older age is one of the factors in the threat of OC as it is frequently diagnosed in older 

females and increases with the increasing age of affected beings.  
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➢ Inherited gene changes: Genes which are inherited to the off springs by their parents may also 

cause ovarian cancers as observed in small percentage. There are some genes which are known 

for their tendency to increase the risk of ovarian as well as breast cancer includes 

BRCA1 and BRCA2 [7]. Additionally, changes in some genes allied with Lynch syndrome, 

(RAD51C, RAD51D, and BRIP1 genes) which enhances the incidence of OC.  

➢ Family History: It is also seen that the person belonging to a family with history of ovarian 

cancer is at increased risk of having this disease.  

➢ Being overweight or obese:  Weight is one of the contributory factors in the occurrence of 

ovarian cancer because overweight or obesity increases the risk of ovarian cancer. 

➢ Postmenopausal hormone replacement therapy: Ovarian cancer risk may rise if hormone 

replacement treatment is used to manage menopause symptoms and signs. [33]. 

➢ Endometriosis: Endometriosis is a problem in which similar tissue lines the uterus as present 

in the interior of uterus and also tends to grow outside the uterus. It is frequently painful and 

linked to the ovarian cancers.  

➢ Age when menstruation started and ended: Ovarian cancer risk may be increased by early 

menstruation, a later onset of menopause, or even both. 

➢ Never having been pregnant: There may be increased risk of OC in female who hadn’t 

experienced pregnancy. 

1.6 Diagnosing ovarian cancer 

In women with widespread cancer, diagnosing OC may be challenging because 

gastrointestinal tumours might first show similarly to an ovarian cancer, which adds to the 

challenges brought on by the ambiguity of the symptoms mentioned above. The existence of 

ovarian cancer can be determined using the following criteria: 

➢ A blood count is required. 

➢ A test to check levels of cancer antigen 125, which may be higher in OC patients. 
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➢ Human chorionic gonadotrophin (HCG) levels may be tested because HCG rises in OC 

patients. 

➢ A test for alpha-fetoprotein, a protein produced by germ cell cancers that can be detected, 

➢ Lactate dehydrogenase levels may be raised if you have a germ cell malignancy. 

➢ A test for hormones such as testosterone, estrogen, and inhibin, which may be elevated in the 

presence of stromal cell tumors. 

➢ Tests to identify whether the liver has been affected by the malignancy. 

➢ Kidney function test will be performed to determine whether cancer has migrated to bladder 

and kidney, or it has impeded the flow of urine. 

1. Available Treatment of ovarian cancer 

In the early days of chemotherapy, doxorubicin, an anthracycline, and cyclophosphamide were 

administered intravenously (IV) to treat advanced ovarian cancer. These substances are 

cytotoxic, which means that they destroy cells particularly cancer cells. When added to the 

regimen, the platinum-based drug cisplatin was shown to increase response rates and survival. 

The two-drug combination of cisplatin and cyclophosphamide, as opposed to multidrug 

combinations including anthracyclines, had minimal clinical difference in further studies; 

therefore, it became the standard first-line chemotherapy for advanced OC. Some available 

treatments and their toxic effects are given below in the figure 2.
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Figure 1 Available treatments for Ovarian Cancer 
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2.1 Advanced ovarian cancer 

Since 1970s, Platinum based medication, starting with Cisplastin (Cis), and subsequently 

combinations of drug based on carboplatin, have been the standard treatment for OC for more 

than a decade. After 2002, researchers observed that the paclitaxel (Pac), and carboplatin were 

resembled paclitaxel, and cisplatin (Pac-Cis) in their effects. Also, the resulting combination 

of Pac-Cis was better than that of combination containing cisplatin, and cyclophosphamide 

(GOG 111). With an overall survival (OS) rate of 11%, a European- Canadian Intergroup 

research with a long- term follow up (median 6.5 years) revealed that Pac-Cis, and GOG111 

had similar effects [8].  

Over the last fifteen years, several irregular trials were conducted for over eleven 

thousand patients to check whether addition of a 3rd medication together or in sequence 

improves OS or not. Pegylated liposomal antibiotic (PDL), gemcitabine, and topotecan were 

combined in GOG182 (ICON5), one of the largest individual therapy trials for the treatment of 

OC [9]. Once docetaxel (Taxotere, Sanofi-Aventis) is employed in place of paclitaxel, changes 

were observed in the toxicity profile; that is less neurotoxicity however a lot of 

myelosuppression, and also the PFS and OS remained similar. 

2.2 Advanced ovarian cancer surgery  

OC surgery is rare among solid tumor surgeries which are performed even when the illness has 

spread widely and is advanced. Primary maximal debulking surgery and platinum-based 

chemotherapy are the standard of care for patients with advanced ovarian cancer. Although all 

available data is retrieved from retrospective studies, and there are no randomized, controlled 

studies that demonstrate that upfront surgery increases survival, this is still the keystone of OC 

treatment. However, there is evidence that individuals who have gone through a gynecological 

cancer surgery have a great instance of prognosis. It is also observed that the amount of disease 

that remains even after surgery, works as a significant prognostic factor.  
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The importance of initial surgery in tumor debulking is highly supported by all of these 

factors when considered collectively. There is a well-known agreement that, as previously 

accepted agreement of “1 cm of residual disease,” "optimal debulking" should suggest to 

surgical resection with zero macroscopic remaining [10]. The best evidence for surgery's utility 

comes across from an EORTC (European Organization for Research and Treatment of Cancer) 

study, where patients who having poor initial surgery were allotted to either secondary 

debulking surgery while receiving chemotherapy or with no additional surgical treatment 

requirement. In this bleak prognosis group, the mean survival was increased by six months 

(from 18 to 24 months) with two-year survival rate for patients experiencing repeat surgery, 

which was increased by 10% (from 46 to 56%). Primary debulking (neoadjuvant) was the 

subject of a randomized study by the EORTC, despite the fact that it can be extremely 

challenging to accomplish maximal debilking at the early stage of diagnosis in certain patients 

due to the quantity of illness [38]. Chemotherapy was compared to primary surgery in a sample 

of female patient who were determined to be candidate for the resection at the time of diagnosis. 

The hazardous death ratio in this EORTC-NCIC trial (National Cancer Information Center) 

was 0.98 (90% CI 0.84–1.13), indicating that delaying surgery had no negative consequences. 

The quantity of remaining disease after surgery was the best independent predictor for overall 

survival in these patients once again. The primary debulking group had a greater rate of 

postoperative death rate and adverse effects, which includes hemorrhage, fistulae, infections, 

fistulae, and even venous problems, as compare to that of the interval debulking group. In the 

United Kingdom, a similar trial (MRC CHORUS) is being done, with findings expected in 

2013 [11]. 

This trial's findings will be integrated with those of the EORTC-NCIC project, resulting 

in a massive, randomized dataset. The merits of primary vs. delayed surgery are still being 

debated, although the patient count is increasing for primary chemotherapy in order to prevent 
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the need for two surgeries. Patients with stage IV illness are increasingly being treated with 

this method. Women getting initial chemotherapy followed by surgery appear to have greater 

cytoreduction and survival in this group. Due to emergence of neoadjuvant chemotherapy, it is 

critical that clinical trials have become the critical point for new therapeutics takes this into 

account. 

2.3 Intraperitoneal chemotherapy 

Clinical recurrences are majorly restricted to the peritoneal region, which favors delivery of 

cytotoxic medications directly into the abdomen, subsequently boosting the dosage intensity 

as well as avoiding the consequences of systemic toxicity. Local chemotherapy is only suitable 

for the individuals having good cytoreductive surgery as well as having minimal residual 

illness, due to poor penetration of the drugs into deep tissues. [12]. 

Intraperitoneal (IP), and intravenous (IV) chemotherapy have been compared in three 

large phase III trials. Six rounds of IV cyclophosphamide in conjunction with either IP or IV 

cisplatin were given to 654 participants in the first study [13]. The IP group had a higher mean 

survival rate (49 v/s 41 months). Because it was conducted before the introduction of taxanes, 

the clinical value of this study is currently debatable. It did, however, serve as a foundation for 

future IP chemotherapeutic experiments. 

In the 2nd study, GOG 114 (SWOG 9227); each arm received a dose of paclitaxel, 

intravenously. Patients were given either carboplatin intravenously (i.v) every 28 days for two 

courses followed by Pac (i.v) 135 mg/m2 over 24 h, followed by Cis intraperitoneally (i.p) 

100mg/m2 every three weeks for around six courses, or Pac (i.v) 135 mg/m2 over 24 h, followed 

by Cis (i.v) 75mg/m2 every three weeks for six courses.  A significant improvement in PFS 

was observed in the 462 assessable individuals; however, the change in OS was borderline; 

near to significant value (P = 0.05). Again, the experimental arm had significantly more adverse 

effects, and 18% of patients underwent two sessions of i.p. treatment [14]. 
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In a 3rd study, GOG 172 randomly assigned 415 patients with less than one centimeter 

of residual illness to receive either pac and cis (i.v) or pac (i.v) followed by cis (i.p); day 1, and 

pac (day 8) of the drug;. OS was significantly improved on the intraperitoneal injection as 

compared to intravenous injection, (from 65.6 months to 49.7 months); P = 0.03. In the IP arm, 

grade three-fourths toxicity was higher, and quality of life scores were much lower [15]. 

The IP arms in the three trials listed had favorable PFS or OS results. Even though the National 

Cancer Institute (NCI) issued a clinical alert in the year 2006 confirming that females with 

optimally debulked OC can be given i.p treatment, still it has not been included as a standard 

treatment. The factors contributing to the adoption of the IP treatment includes excessive 

toxicity, and poor placement and administration of intraperitoneal catheters. Moreover, others 

have attributed the GOG 172 survival benefit by paclitaxel scheduling rather than IP drug 

administration in a 'dose-dense' approach. 

To resolve these concerns and finding suitable answers, phase II/III trials of intraperitoneal 

treatment vs intravenous chemotherapy are now a days under research in some countries such 

as United States, Japan, Canada, and Europe. The control arms in all these studies are 

carboplatin and paclitaxel. 

1.4 Anti-angiogenic agents 

The results of two first-line studies have been reported. The GOG 218 trial suggested to include 

Bmab (15 mg/kg every three weeks) to the usual three-week carboplatin and pac treatment in 

a double-blinded, randomly, and three arm (placebo) controlled trials. The research includes a 

total of 1873 females with OC stage III, and stage IV who still had illness after initial debulking 

surgery. In one of the two research trials, Bmab was administered along with chemotherapy, 

and the course of treatment was carried for an additional sixteen cycles (15 months), while 

patients in the other trial was subjected to placebo after having chemotherapy [16]. 
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The progression-free survival (PFS) was the main end point, and the Bmab therapy has 

a significant effect (10.3 vs 14.1 months, HR=0.717; 95% CI 0.625–0.824; P =0.001). There 

was no enhancement of activity was observed on Bmab addition alongside the chemotherapy 

(10.3 vs 11.2 months, HR =0.908; 95% CI 0.795–1.040; P = 0.16). At the time of the PFS 

analysis, there was no difference in OS between the three arms. A second phase III trial 

(ICON7) emphasized on the inclusion of Bmab (7.5 mg/kg) thrice a week to regular carboplatin 

and pac treatment in 1528 high risk females with early stage or advanced OC, followed by 

persistence dose of Bmab for next twelve cycles or more; until infection progression. 

Stage IIIC and IV of OC were present in the majority of patients (70%).  PFS at 36 

months was considerably better in Bmab patients (21.8 vs 20.3months; HR = 0.81; 95% CI 

0.70–0.94; P = 0.004). A subsequent magnitude of benefit was suggested in a revised study of 

patients at high-risk at stage III with >1 cm of residual illness or stage IV (30%): suggested a 

high magnitude of benefit: 18.1 months with Bmab compared to 14.5 months with standard 

treatment. The inclusion of Bmab into the therapy was well tolerated in both trials. In ICON-

7, hypertension was not a subject of issue, with 18% toxicity in the Bmab group and 1% in the 

control group. Type-II hypertension was seen in 16.5%, and 22.9% of patients in the two 

consecutive Bmab trials, compared to 7.2% in the control group in the GOG218 research. 

The treatment is initiated by using the half dose as that of GOG218 and the treatment 

period is also decreased (12 from 16 cycles). At around 12 months after Bmab’s finished, its 

maximum effect was observed, and by 24 months it had completely disappeared. The best time 

to take Bmab is when the disease has not progressed, as suggested in the OCEANS research in 

recurrent OC, where Bmab showed a better effect. 

These ground breaking trials have highlighted a lot of queries about dosage selection, 

timing and patient selection. The European Medicines Agency (EMA) approved Bmab for 

treatment of OC in December 2011. However, due to high cost is the major limitation for many 
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countries. The fourth OC Consensus meeting of the GCIG suggested that Bmab may be utilized 

as a control group in future trials. 

2.5 IGFR inhibitors 

Cancer Progression, apoptosis as well as metastasis inhibition are all correlated with IGF-I 

(Insulin growth factor I). Humanized monoclonal antibody; Gunitumab (AMG 479), an 

effecient IGF-IR inhibitor, and orally active Linsitinib (OSI 906), a dual kinase inhibitor of 

IGF-1R, and the insulin receptor. The AMG-479 is currently in clinical studies for recurrent 

OC. The outcomes of the prior trials are not yet fully understood, however a randomized AMG 

479 phase II investigation of patients with optimally debulked OC is presently under progress 

[17].  

Use of Progestin for reduction in risk of Ovarian Cancer with Estrogen therapy 

Menopausal hormone therapy (HT) has been proven to be helpful in reducing the incidence of 

OC, but the duration and type of formulation are still unclear. According to research looking 

at the effect of formulation ET and EPT (estrogen plus progestin) [18], and duration of the 

therapy, the use of estrogen alone (ET) increases the incidence of OC in a duration dependent 

manner, although the inclusion of progestin (PT) does not allow the risk to grow to a significant 

degree. A lower but statistically significant increase in risk was observed with EPT usage 

(RR5=1.10, 95% CI 1.04-1.16, p=0.001), compared to ET use (RR per five years of use, 

RR5=1.22, 95% CI 1.18-1.27, p0.0001). When compared to EPT users, the elevated risk among 

ET users was statistically substantially larger (p=0.004).Oral contraceptives (OCs) containing 

exogenous hormones have been shown to reduce the risk of ovarian cancer for more than 25 

years. Per five years of use, OC use has consistently been proven to be linked to a 25% lower 

incidence of ovarian cancer. Uncertainty surrounds the way in which OCs prevents ovarian 

cancer; theories include preventing ovulation and increasing exposure to progestins. Therefore, 

it is suggested that high-dose progestins reduces the risk more efficiently than low-dose 

Progestins. Last but not least, in macaques, progesterone, whether administered with or without 

oestrogen, accelerated the death of normal ovarian surface epithelium which according to many 

researchers is the tissue of origin for ovarian malignancies.  
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2. Biomarkers for selection of treatment 

Now a day, molecularly-targeted treatment is showing some significant outcomes, although the 

studies for first-line therapy have been so far conducted on women diagnosed with OC were 

not pre-screened. The so far search for biomarkers in ovarian cancer has proved it difficult task. 

Currently two indicators are being studied for recurrent OC. When DNA repair via the 

homologous recombination mechanism fails, it is indication by a mutation in the breast cancer 

(BRCa) gene. Poly-ADP ribose polymerase (PARP) affected BRCa tumors can effectively 

treated with PARP inhibitors. 

In Patient with BRCa mutation and recurrent OC, individual activity of the PARP 

inhibitor (Olaparib), was seen in clinical trials. A HR deficit is more common in ovarian cancer, 

as it is found in a considerable proportion of individuals with high-grade serous carcinoma. 

Patients with negative BRCA recurrence, especially one with platinum-sensitive recurrence, 

have been shown to respond to olaparib. In addition, Olaparib has shown a significant delay in 

disease development in individuals with presence or absence of germ-line mutations in a 

randomized maintenance trial, and the first-line therapy trials are under investigation [19]. 

In ovarian cancer, the folate receptor is over expressed and could be used as a therapeutic 

target. Clinical trials are now evaluating the folate receptor-targeting drug Farletuzumab 

(monoclonal antibody) [20]. If the trial’s outcome is promising, first line therapy will be 

included to the treatment plan. Similarly, a compound of desacetylvinblastine monohydrazide, 

vintafolide (EC145,) binds to the folate receptor via a peptide spacer, is being developed for 

selective folate receptor treatment. 

According to the phase II randomized trial (PRECEDENT), the activity was increased 

when pegylated liposomal doxorubicin (PLD), and vintafolide (EC145) were compared to PLD 

alone for PFS [21]. This was especially noticeable in patients whose tumors had an elevated 

level of folate receptor expression, as determined through Technetium-EC20 imaging. 
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3. Nanotechnology Drug Delivery for the management of Cancer 

Chemotherapeutic drugs given orally or intravenously; in solution or polymer solution have 

poor pharmacokinetics as well as a narrow therapeutic index. In most cases, these substances 

generally reach their maximal acceptable quantity in a short period of time and are 

subsequently excreted from the bloodstream. For maximum patient benefits, an ideal 

therapeutic formulation should release the medication over the recommended time period at 

the minimal therapeutic concentration. Nanotechnology has the ability to meet these needs as 

a drug delivery vehicle/vector. There are several advantages of nanotechnology over 

conventional methods. Various nanotechnology methods such as lipid/solid nanoparticles, 

polymeric nanoparticles (PNP), dendrimers, polymer micelles, carbon nanotubes (CNTs), and 

polymer-drug conjugates are beneficial for such needs. Drug efficacy, tissue toxicity, and 

patient compliance have all been shown to improve with nanotechnology-based treatments. 

Many of these nanoparticles are now being used to treat cancer. It is crucial to create a generic 

nano formulation that uses chemotherapeutic agents. 

In cancer therapy, an excellent therapeutic carrier should have the following characteristics:  

➢ Physiological stability  

➢ Extended circulation lifetime  

➢ Devoid of reticuloendothelial system (RES), and opsonization process 

➢ Increased endocytosis  

➢ Improve uptake by tumor  

By conjugating antibodies to the nano formulations can strengthen the specificity and these 

immune-conjugated formulations will outperform other drug formulations in terms of 

therapeutic efficacy [22].  

A passive or active technique can be used to deliver chemotherapeutic agents or anti-

cancer drugs to tumour site. In passive targeting, the formulation tends to diffuse into 
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angiogenic tumour vasculatures or tumour through leaky capillaries with a gap of 100-2000 

nm. Nano formulations acquire higher interstitial access to tumors with improved tumor 

retention. The leaky vasculature helps tumours to absorb nano formulations so they may be 

stuck inside for a long time, resulting in enhanced permeation and retention (EPR) index, which 

is caused by the ineffective and inefficient lymphatic drainage. Moreover, charge, and the size 

of nanoparticles (NPs) affect passive targeting. [23]. 

A nanoparticle system conjugated to tumor-specific antibody with active targeting can 

improve drug delivery over a conventional system with passive targeting. Due to the EPR 

effect, prolonged circulation has a positive impact on the transport of NP into the tumor site. 

The transport of nanoparticles absorbed by the tumor site is boosted by prolonged circulation 

effect due to the EPR effect. Second, the targeted molecule facilitates NP endocytosis, which 

promotes NP uptake and hence improves therapeutic impact [24]. This targeting method is 

promising, as it has demonstrated improved therapeutic results in animal models by employing 

nanotechnology to improve and sustain the therapeutic effect of chemotherapeutic drugs [17]. 

4.1 Types of Nanoparticles for drug delivery 

Designed nanoparticles have a great deal of potential to increase the specificity of disease 

detection and therapy. Nanotechnology might assist in overcoming the constraints of traditional 

administration, from large-scale problems like bio-distribution to small scale obstacles like 

intracellular trafficking, by enabling cell-specific targeting, molecular transport to certain 

organelles, and other approaches. These are developed to overcome the limitations arising due 

to drug passage through various biological barriers such as systemic, micro-environmental and 

cellular barrier. In order to improve medication delivery with more accuracy, inorganic NPs, 

and organic NPs (PNPs, and lipid NPs) are now being created in specific methods. Some 

examples of nanoparticles are given in the figure 2. 
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Figure 2 Types of nanoparticles for drug delivery system 

 

4.2 Method of Preparation of Nanoparticles 

Polymeric nanoparticles are generally prepared from polymers of natural and synthetic origin 

as they have become more popular due to their high stability and simplicity in surface 

modification. Utilizing biodegradable polymers enables continuous drug release at the targeted 

site over a prolong period of time. These systems can be employed for systemic drug delivery, 

improved bioavailability, drug targeting (cellular as well as tissue), and drug solubilization. 

Here are methods to prepare polymeric nanoparticles in advance way for the management of 

OC in a better way. 

4.2.1 Preparation of cationic polymeric nanoparticles (C- PNPs) 

Cationic polymeric nanoparticles are ideal for chemotherapy, because they can provide 

targeted, controlled release, and high drug loading. The polymer’s ability to self-assemble is 

utilized in the creation of polymeric layer. Bhattacharya et.al., 2022 prepared gemcitabine 

hydrochloride (GTB) nanoparticles for the treatment of ovarian cancer by using different 
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cationic polymers such as chitosan, poly-sarcosine, poly-l-lysine alone or in combination [25]. 

GTB was encapsulated into cationic polymer either by ionotropic gelation method, and 

nanoprecipitation method.  The result revealed that chitosan and poly-sarcosine had better 

cancer activity, high drug loading and excellent drug release.  

4.2.2. Preparation of Micelle nanoparticles 

Polymer micelles consist of hydrophilic chains on the outer surface of hydrophobic core that 

form spontaneously from block or graft copolymers. Polymer micelles have the primary 

purpose of protecting and improving the physical properties such as stability, and solubility of 

hydrophobic /lipophilic medicines. Some polymer micelle nanotechnology therapeutics is now 

in clinical trials. It has been reported that hydrophillicity can be improved by a factor of 30,000. 

In research, it was found that cyclodextrin conjugate, and polymer nanoparticles loaded 

curcumin can enhance curcumin stability by multiple folds [26]. There is increase in drug 

stability as it possesses hydrophobic core containing curcumin and a cyclodextrin or polymer 

covering shell (hydrophilic, as an external medium), of the polymer micelles. Polylactic acid 

(PLA), poly-D,L-lactide, polyethylene-co-propylene-co-ethylene oxide and other are utilized 

as hydrophobic cores polymer. These polymer micelles are biocompatible and biodegradable 

in nature. These polymers can only form micelles at a specific concentration (called the critical 

micelle concentration, or CMC). For these purposes, a polymer micelle having low CMC value 

is considered as a superior alternative. Different models of polymer micelle production based 

on their self-assembly methods are presented schematically. 

4.2.2.1 Conventional Polymer Micelles 

Various drug molecules, such as micelles formed of polylactic-co-glycolic acid (PLGA), have 

been loaded using different biodegradable and biocompatible co-polymer of natural or 

synthetic origin.  Also, the FDA has cleared the PLGA polymer for use in medicine, and 

industry [27]. PLGA-b-polyethylene glycol (PLGA-B-PEG, four arm, star-shaped), PLGA-b-
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polyethylene glycol-b-PLGA (PLGA-b-PEGb-PLGA, three arm), and PLGA-b-polyethylene 

glycol methacrylate (PLGA-b-PEGMA, comb shape) copolymer are examples of structurally 

varied nano formulations for drug delivery application. Park et al. recently developed a surface 

crosslinking PLGA-b-PEG copolymer with a vinyl pyrrolidone shell improves the overall 

polymer micelle stability. A carbohydrate polymer derived from nature. By conjugating to 

PLGA polymer to hyaluronic acid (HA) copolymer, hyaluronic acid (negatively charged) can 

be used as target-specific micelle carriers for doxorubicin (DOX, positively charged). Lee 

et.al., 2009 reported that cellular uptake and ctotoxicity were increased in DOX-HA-PLGA NP 

as compared to free DOX [28].  

Perche et.al., 2012 developed targeted specific micelles loaded with DOX encapsulated 

polyethylene glycol-phosphatidyl ethanolamine (PEG-PE) to form DOX loaded PEG-PE 

(MDOX) initially and then further monoclonal 2C5 antibodies were attachted to form MDOX-

loaded immunomicelles (2C5-MDOX), which target cancer cells that showed high degree of 

cytotoxicity. [29] 

4.2.2.2 Polydrug Conjugate Nanoparticles 

Polymeric nanoparticles, these conjugates do not entrap the drug, and they are comprised of 

biodegradable polymers. The antineoplastic drug is bound to the polymer’s surface, either to 

expand its size or to improve its properties. Only one marketed drug in this class is Oncaspar®, 

a PEGylated-L-asparaginase product is used to treat leukaemia. However, the vast majority of 

them are currently undergoing clinical trials. 

Drugs like PK1, AP5280, or Pro LindacTM (AP5346) which have been conjugated to 

an HPMA copolymer and then linked to doxorubicin, platinum, or oxaliplatin, are used to 

create some of these nanoparticles. 

In the instance of Pro LindacTM, the medication and the copolymer bind via a pH-

sensitive linker known as diamino cyclohexane (DACH), enabling the drug and the copolymer 
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to work together. At low pH, a characteristic of tumor microenvironmets, hastens the drug 

release, and thereby increase the concentration of the chemotherapeutic agent (CTA) in the 

tumor tissue.  

Currently, all three are participating in a phase II clinical investigation. 

Other biodegradable polymers, such as polyglutamic acid, have also been utilised in 

combination with paclitaxel or camptothecin to create XyotaxTM (OpaxioTM or CT2103) or 

CT-2106, respectively. Despite having higher antineoplastic activity, XyotaxTM, which is now 

undergoing a phase III trial, showed greater neurotoxicity in patients than was anticipated. A 

phase II trial for CT-2106 is now underway because of its favourable toxicity profile. Dextran 

is yet another polymer that may be added to these compositions as well. 

Two examples are delimotecan (MEN 4901/T0128) and DOX-OXD (AD-70), both of which 

are in phase I trials and bonded to T-2513, an analogue of camptothecin, or doxorubicin, 

respectively. 

Other formulations include human serum albumin (HSA) which is human protein when 

conjugated to CTA methotrexate (MTX-HSA), displayed significant anti-tumor activity 

against non-squamous malignancies in phase II investigation when administered in conjunction 

with cisplatin and had a favorable tolerability profile [30]. 

4.2.3 Liquid drug conjugated nano particles 

The structure is similar to polymeric NP; lipid-drug conjugate nanoparticles are made of lipids 

that have been combined with CTA rather than biodegradable polymers. Liposome, ALN-VSP, 

and Atu027 are three of the more notable examples of C-VISA-BikDD. The first lipidic 

formulation is a liposome complexed to the plasmid C-VISA BiKDD, which is now being 

tested in a phase I study for its potential antineoplastic activity against pancreatic cancer. 

Similar to the previous category, lipid-drug conjugate nanoparticles are made of lipids that are 

coupled to chemotherapeutic medicines rather than biodegradable polymers. C-VISA-BikDD 
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has three noteworthy examples: liposome, ALN-VSP, and Atu027. A liposome complexed 

with the pancreatic cancer-related plasmid C-VISA BiKDD, which may have antineoplastic 

effects, is first Lipidic formulation and currently it is in phase I trial [31]. 

4.2.4 Other type of nanoparticles 

There are several formulations at the clinical development stage that do not fall into any of the 

category mentioned above in addition to the NP delivery for the treatment of OC that were 

previously discussed. 

For instance, the retroviral vector Rexin-G, which targets tumours and encodes the G1 

gene, has been shown to have significant anticancer activity and is presently undergoing phase 

I/II clinical trials. 

Other exciting novel nanoplatforms have also received a lot of attention as anticancer 

delivery systems, including solid lipid nanoparticles (SLN), dendrimers, and carbon nanotubes 

(CNT). However, they are still in the preclinical stage of development. 

5. Molecular-targeted therapies 

Molecular targeted therapy is one of type of cancer treatment in which drugs act by interfering 

with cell growth, cell division and repairing function, and interaction with other cells. Many 

potential therapeutic targets have been identified as a result of improved understanding of the 

molecular mechanisms involved in carcinogenesis and tumor development, and medications 

are still being developed to inhibit either ligands/receptors, or pathways involved. Many drugs 

are still in development phase, especially for individuals with recurrent disease, while others 

have been assessed for phase III studies in first-line therapy for OC. The monoclonal antibody 

(bevacizumab, an effective angiogenesis inhibitor); that causes shrinkage of the vascular 

endothelial growth factor (VEGF) in OC.  
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6. Limitation of ovarian cancer 

The usage of oral contraceptives and the age of menopause could not be explained. Those in 

early natural menopause are more likely to utilize hormones than women in late natural 

menopause. Because early natural menopause reduces the risk of ovarian cancer, women using 

HT are recommended from the beginning. It may have a lower risk of ovarian cancer. Similarly, 

former oral contraceptive users later become hormone users. The results may be an 

understatement because oral contraceptives reduce the incidence of OC. The Million Women 

Study controlled for menopausal age, oral contraceptive usage, BMI (body mass index), 

physical activity, smoking, and alcohol consumption, but did not significantly change results, 

suggesting that these factors are minor confounders [32]. Furthermore, after considering 

important potential confounders such as duration of oral contraceptive use, natural menopause, 

and age at menarche, the nurse’s health survey found little change in the association between 

OC and, HT. 

Women having a history of cancer in their families are less likely to use HT. Our results 

may have been understated due to the absence of this potential confounder. A recent Danish 

study revealed no links between a high BMI and smoking with the risk of OC. The impact of 

physical activity on the incidence of OC is debatable. 

7. Conclusion and Future Prospective 

The survival rate of OC patients can be increased by using different chemotherapeutic drugs, 

but their widespread use can cause considerable other normal organ damage. Nanotechnology 

has shown that nanoparticles may carry cytotoxic agents that are capable of targeting tumors 

selectively, due to the conjugation of tumor-specific moiety or antibody with cytotoxic agents. 

Nanotechnology strives to reduce adverse effects while enhancing the therapeutic effectiveness 

of cytotoxic medication. Herein, various nanotechnologies based therapies such as polymer 
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micelles, conjugated nanoparticles; poly drug nanoparticles have been discussed along with 

their complications.  
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