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Cervical Cancer is a major health concern around the world including those regions which are limited 
in healthcare resources. The intricacies of this illness necessitate new and alternate methods to help 
treat its complexities. Researchers are therefore exploring means of targeted drug delivery that would 
deliver medications right to the cancer cells, minimizing side effects elsewhere in the human body. 
That targeted approach can increase treatment effectiveness. There are a lot of delivery systems 
available such as nanoparticles, liposomes, polymeric micelles and micellar systems, hydrogels or 
local drug delivery devices. They address matters, such as drug resistance and ensuring the targeted 
site of the body receives the dose. On top of that, emerging targeting strategies involving tumor -
specific ligands, immunotherapy, virotherapy, and gene therapy look promising to develop more 
selective and efficacious treatments at a preclinical stage. Through the heavy focus on the 
complicated cellular pathways implicated in cervical cancer, these new approaches will make way 
for increased individualized and efficacious treatments. There is a need for further research to be 
carried out in the area of targeted drug delivery and the evolving targeting strategy, which is apparent 
through the literature. It remains a central goal with continued development of these strategies; we 
already know that this herald increased clinical benefit and quality of life for cervical cancer patients 
worldwide. The synergy of novel drug delivery techniques combined with targeted approaches hold 
promise in modifications towards an era when cervical cancer can be better managed or even 
eradicated. 
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1. Introduction 
Cervical cancer is an important global public health 
problem particularly in low- and middle-income 
countries where rates of disease and death due to the 
disease are traumatizing. One of the biggest root 
causes of this problem is no cancer treatment centers 
and screening system in those parts. In fact, 
worldwide there were approximately 570,000 new 
cases of the disease in just 2018 (close to equalizing or 
just slightly less than 6.6% of population) which 
highlights how entrenched this disease really is. Alas, 
it is the number one killer of women from cancer 
globally and here in the U.S. That notwithstanding, 
barriers to economic status are preventing many 
women from getting appropriate screening early and 
impact women cancer incidence rates differences [1]. 
Studies have proven cervical cancer in developed 
countries reduced by >50% due to public health 
interventions (awareness, screening, vaccination, and 
diet). This underscores yet again how powerful early 
detection and prevention can be. But we must not 

forget other cervix cancer risk factors that will possibly 
play a role besides HPV -- like illiteracy, under-
privileged status, early many children and birth, 
tobacco use, malnutrition, bad hygiene [2]. These are 
especially important in developing countries, where 
>80% of cases live. Screening programs and the use of 
HPV vaccination have led to optimistic findings for 
low incidence and death rates from cervical cancer [3], 
[4]. More Awareness and Education about cervical 
cancer should be done widely to tackle the problem 
particularly in low-income nations, where there are no 
preventive resources and knowledge is low. To 
mitigate this problem, educational initiatives and 
engaing of people to seek preventive health services 
are paramount to reducing the global burden of 
cervical cancer [5]. Eventually, government initiatives 
and advances in HPV detection and vaccination 
strategies have led to an acceptable level of care for 
cervical cancer, with so less new cases per year that 
numbers plateau or decline in the more affluent 
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environments. We definitely know from a large 
number of studies on how to make treatment delivery 
methods more effective and ramp down treatment 
side effects [6], [7]. 
Table 1 presents emerging drug delivery strategies 
designed to improve the treatment of cervical cancer 
by enhancing drug concentration at the tumor site, 
reducing systemic side effects, and improving patient 
outcomes. Localized methods such as lipid-based 
nanocarriers and vaginal delivery allow targeted 
administration, while nanocarriers and 
nanotechnology-based systems improve solubility, 

bioavailability, and tumor specificity [8], [9]. 
Intravaginal nanomedicine further increases mucosal 
penetration and efficacy. In addition, immune 
checkpoint inhibitors, targeted therapies, and 
specialized delivery systems help overcome resistance 
and reduce toxicity. Combined approaches, such as 
cisplatin with surgery or Bevacizumab with systemic 
therapies, have also shown improved survival, 
particularly in high-risk and recurrent cases. Overall, 
these strategies highlight the shift toward safer, more 
effective, and patient-centered treatments for cervical 
cancer [10], [11]. 

 
Table 1. Different drug delivery strategies for cervical cancer with advantage. 

 Sr. No. Drug Delivery Strategy Advantages References 

1.  

Lipid-based nanocarriers, gels, 

nanoparticles, polymeric films, 

rods, and wafers (localized drug 

delivery methods) 

Higher drug concentration 

at the intended location, 

better therapeutic results, 

and fewer side effects 

[12],[13] 

2.  Delivery of drugs vaginally 

Reduced systemic adverse 

effects, lower drug 

dosages, direct 

administration to the site of 

action, advantages for 

fertility-sparing surgery, 

and a decreased chance of 

recurrence 

[14],[15] 

3.  

Nanocarriers: hydrogels, 

dendrimers, liposomes, and 

nanoparticles 

Safer alternatives to 

conventional 

chemotherapy, targeted 

and localized drug delivery 

against cervical cancer 

[16],[17] 

4.  
Nanotechnology facilitated 

nanocarriers 

Enhanced drug solubility, 

bioavailability, targeted 

toxicity in cervical tumor 

cells 

[18],[19] 

5.  
Nanomedicine for intravaginal 

delivery 

Increased efficacy of 

therapy and mucosal 

penetration 

[20] 

6.  

Immune checkpoint inhibitor 

therapies, anti-angiogenesis, and 

targeted medication therapy 

Overcoming adverse 

effects and drug resistance 

while increasing the 

[21] 
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2. Types of Drug Delivery Approaches 
2.1. Nanoparticles and Liposomes 
The development of fewer side effects, increased 
therapeutic effect, and tailor-made drug delivery in 
new therapeutic strategies for cervical cancer 
treatment has placed liposomes and nanoparticles in 
the spotlight as leading approaches. Liposome- and 
nanoparticle-dependent selective targeting of cervical 
cancer cells via various mechanisms helps circumvent 
physiological barriers [30], [31]. These carriers can be 
targeted to cervical cancer cells in vivo or through 
different physical processes. One mechanism includes 
the enhanced permeation and retention (EPR) effect, 
which allows nanocarriers to accumulate in tumor 
tissues, along with modifications resulting from 
receptor-mediated delivery enhancement. 
Approaches such as "first lipid adhesion and then 
mucosal transfixation" and "first adhesion-
transfixation then mucosal penetration" demonstrate 
how nanomedicine can cross biological barriers to 
deliver therapeutic agents effectively [32], [33]. 

Recent advances in the preparation of liposomes and 
nanoparticles have shown encouraging therapeutic 
outcomes in targeted cervical cancer treatment. For 
example, chitosan-coated solid lipid nanoparticles, 
especially for cisplatin delivery, have revealed 
modified therapeutic effects. Similarly, chitosan-
coated Poly(d,l-lactide-co-glycolide) nanoparticles 
conjugated with folic acid have been used for the 
selective delivery of carboplatin, showing enhanced 
antiproliferative activity [34]. Ursolic acid 
nanoparticles have also been shown to induce 
apoptosis in vitro and in vivo, impeding cervical 
cancer growth. Nevertheless, challenges remain, 
including the need to optimize distribution efficiency, 
reduce systemic toxicity, prevent multidrug 
resistance, and ensure stability and biocompatibility. 
Current research is increasingly focused on developing 
smart nanovectors capable of simultaneously 
targeting, imaging, and delivering drugs to patients 
[35], [36]. 

 
2.2. Polymeric Micelles and Hydrogels 
Compared to today’s reality of cervical cancer 
treatment outcomes, it is clear that novel strategies for 
medication delivery are required to improve efficacy 
and ultimately outcomes in the fight against this 
disease. Among polymeric macromolecules and 
hydrogels, polymeric micelles and hydrogels have 
advanced most recently due to their applications in 
cancer therapy, controlled release, and 
biocompatibility [37]. These materials have shown 
potential in both in vitro and in vivo studies, offering 

new approaches to treatment. Researchers have 
increasingly focused on developing biocompatible and 
viable methods of drug delivery particularly polymeric 
micelles, copolymers, and hydrogels as they show 
promise in targeting tumor sites, reducing systemic 
toxicity, and providing sustained drug release [38], 
[39]. 
Immunotherapy hydrogels for regional drug delivery 
have emerged as an important strategy in cancer 
immunotherapy, addressing challenges associated 
with systemic administration. Other studies have 

effectiveness of targeted 

therapy 

7.  

Delivery methods based on 

nanomaterials (liposomes, 

dendrimers, polymers) 

Administration tailored to 

a tumor, decreased 

toxicity, and enhanced 

biocompatibility 

[22],[23] 

8.  
Specialized medication delivery 

methods 
Not specified [24] 

9.  

Using cytotoxic drugs like 

cisplatin in conjunction with 

surgery early 

Increased chances of 

survival for high-risk 

cervical cancer 

[25]. [26] 

10.  

Utilizing vaginal medication 

delivery methods for the local 

treatment of cervical cancer 

Not specified [27] 

11.  
Bevacizumab in combination with 

systemic anti-neoplastic therapies 

Increase overall longevity 

in cases of recurring or 

metastatic cervical cancer 

[28], [29] 
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explored mucoadhesive nanogels designed for cervical 
cancer treatment, and formulations such as paclitaxel 
combined with β-cyclodextrin and polyacrylic acid-
based polymers have demonstrated strong cytotoxicity 
against cancer cells [40]. These systems enhance 
targeted delivery, overcome multidrug resistance, and 
increase residence time in specific local sites, such as 
the vagina. Recent advances in hydrogels and 
polymeric micelles have shown encouraging results in 
preclinical studies, with thermosensitive hydrogels 
demonstrating particular promise in preventing 

recurrence of cervical cancer after surgical 
intervention [41], [42]. 
Additionally, PEG-based hydrogels have attracted 
significant attention in cancer treatment due to their 
high drug encapsulation capability, ease of 
modification, and excellent biocompatibility. These 
features represent important progress in material 
science and highlight the potential of hydrogels as 
controlled and targeted drug delivery systems for 
cervical cancer therapy [43]. 

 
2.3 Local Drug Delivery Devices 
Intracervical devices, intrauterine systems, and other 
local drug delivery devices (LDDs) have gained 
popularity for the management of cervical cancer. 
Chemotherapeutic drugs can be delivered directly to 
the affected region using these devices, which are 
highly valued for reducing systemic side effects and 
potentially enhancing treatment efficacy [44]. This 
targeted approach may lead to better patient 
outcomes, including a decreased risk of local 
recurrence after surgery [45], [46]. The precision of 
drug delivery accurately controlling dose, site of 
action, and timing plays a key role in maximizing 
therapeutic efficacy while minimizing systemic side 
effects, particularly supporting fertility preservation in 
women of reproductive age. Recent advancements in 
cervical cancer care include innovative devices such as 

intravaginal rings containing Alisertib, which allow 
localized, sustained drug delivery without provoking 
inflammatory responses. Such developments 
represent significant improvements in targeted 
therapy [47], [48]. 
However, challenges remain that affect the 
effectiveness and wider application of LDDs. Barriers 
include issues with device tolerability and patient 
adherence, concerns about pain and complications 
during implantation, and shortages of such devices in 
developing countries [49]. Another limitation is that 
some devices may not adequately deliver drugs 
directly into tumors, complicating both clinical and 
technological applications. Furthermore, these 
methods require close monitoring and supervision to 
ensure safety and effectiveness, which adds to the 
complexity of their clinical use [50]. 

 
3. Current Challenges in Cervical Cancer 
Treatment 
Traditional chemotherapy is widely used to treat many 
forms of cancer, but it has significant limitations in 
cervical cancer treatment. Its systemic nature means 
that while it targets cancer cells, it also affects normal 
cells, leading to numerous adverse effects on patient 
health [51]. This non-specific action highlights the 
need for therapies that specifically target cancer cells 
or affected areas. Another major challenge is drug 
resistance, which often limits therapeutic options for 
advanced cervical cancer [52]. 
Targeted therapy represents a promising new frontier, 
acting directly on malignant cells or oncogenic 
pathways. These therapies offer a safer and more 
efficient approach by focusing on molecular changes 
unique to cancer cells. Developing such targeted 

therapies requires an understanding of the molecular 
biology of the disease, including the identification of 
specific biomarkers that can be precisely targeted [53], 
[54]. Evidence suggests that the success of cervical 
cancer treatment critically depends on effective drug 
delivery systems (DDS). Intravaginal DDS, for 
example, can provide locally controlled drug release 
directly to the tumor site, ensuring maximum drug 
concentration, reducing drug resistance, and 
minimizing systemic side effects [55]. These systems 
can enhance the efficacy of both conventional 
chemotherapeutic agents and targeted therapies. 
Ongoing research continues to optimize these delivery 
technologies, focusing on improved targeting, 
controlled release kinetics, and overall treatment 
effectiveness [56], [57]. 

 
4. Targeting Strategies in Cervical Cancer 
A major advancement in targeted therapy is the use of 
tumor-specific ligands for cervical cancer. The goal is 
to identify biomarkers and molecular targets unique to 
cervical cancer cells, enabling the delivery of less toxic 
and more efficient therapies tailored to the molecular 
signature of each patient’s tumor. Precision medicine 
in cervical cancer has progressed with biomarkers 
such as programmed death ligand 1 (PD-L1), which 
guides patient enrollment in checkpoint inhibitor 
therapy. Tumor-specific ligands are particularly 
valuable in targeting estrogen receptors associated 
with HPV-induced cervical cancer, highlighting the 
role of molecularly targeted drugs in enhancing 
therapeutic specificity and efficacy [58]. 
The development of targeted treatments has expanded 
treatment options, including immunotherapy, 
virotherapy, and gene therapy. These approaches 

utilize oncolytic viruses, immune checkpoint 
inhibition (CTLA-4/PD-1/PD-L1), and gene-based 
therapies to correct mutations and enhance tumor cell 
immune markers [59]. Additionally, epigenetic 
biomarkers, such as gene methylation patterns and 
protein expression (e.g., cyclooxygenase-2, hypoxia-
inducible factor 1α, and epidermal growth factor 
receptor), offer opportunities for individualized 
therapy. By tailoring treatment to the genetic and 
molecular characteristics of the tumor, these 
strategies improve prognosis, optimize therapeutic 
response, and advance personalized care for cervical 
cancer patients [60], [61]. 
Figure 1 illustrates several strategies for targeting 
cervical cancer cells using gene therapy and 
combination treatments designed to enhance 
apoptosis, inhibit tumor growth, and improve overall 
survival. One approach involves the use of P53 
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combined with Polyamidoamine (AP-PAMAM), which 
induces cell cycle arrest and activates the 
mitochondrial apoptosis pathway. By specifically 
targeting the G1/S phase transition, this method 
prevents cancer cell proliferation and reduces 
migration and invasion, thereby limiting tumor 
progression [62]. Another strategy employs Gendicine 
(rAd-p53) in combination with paclitaxel, which 
inhibits vascular endothelial growth factor (VEGF), 
reducing angiogenesis, while simultaneously 
promoting apoptosis in cervical cancer cells. This dual 
action not only suppresses tumor growth but also 

enhances the effectiveness of chemotherapy [63], 
[64]. Additionally, the combination of Gendicine 
(rAd-p53) with radiotherapy has been associated with 
increased overall survival rates in clinical trials, as 
radiotherapy synergizes with p53 gene therapy to 
enhance tumor cell killing and improve patient 
outcomes. Collectively, these strategies highlight the 
multifaceted potential of p53-based gene therapy, 
whether used alone or alongside chemotherapy or 
radiotherapy, to arrest the cell cycle, induce apoptosis, 
inhibit tumor growth, and ultimately improve clinical 
outcomes in cervical cancer patients [65], [66]. 

 

 
 

Figure 1: Therapeutic Strategies Targeting Cervical Cancer Using Gene Therapy and Combination 
Treatments; P53-based gene therapy strategies in cervical cancer. (a) AP-PAMAM–mediated p53 induces 

G1/S arrest, mitochondrial apoptosis, and reduces migration/invasion. (b) Gendicine (rAd-p53) with 
paclitaxel suppresses VEGF, tumor growth, and promotes apoptosis. (c) Gendicine with radiotherapy 

enhances tumor cell killing and improves survival. These approaches highlight the therapeutic potential of 
combining p53 gene therapy with chemo- or radiotherapy. 

 
4.1. Clinical Applications and Future Prospects 
In high-risk cervical cancer, both chemotherapy and surgery show promise for improving survival, 
particularly with cisplatin-based regimens, which have demonstrated activity against advanced and 
recurrent disease in Phase II studies. Inhibition of proliferating cell nuclear antigen (PCNA) represents a 
novel therapeutic target. Targeting the phosphatidylinositol 3-kinase (PI3K)/AKT/mTOR pathway has also 
emerged as a potential strategy, given its central role in tumor proliferation and survival, making it an 
effective line of defense against cervical cancer [67]. 
 
5. Cell-Penetrating Peptides 
Further studies have investigated the use of 
bevacizumab combined with chemotherapy to 
improve survival in patients with metastatic or 
recurrent cervical cancer, addressing the limited 
availability of systemic antineoplastic agents. 
Natural compounds such as budaptene, 
scopoletin, osthole, and praeruptorin have 

demonstrated antitumoral and antiproliferative 
effects against cervical cancer cells, potentially 
reducing side effects of conventional therapy and 
sensitizing tumors to radiation or chemotherapy 
[68]. Targeted drug delivery strategies, including 
nanocarriers and local systems such as gels, 
nanoparticles, and polymeric films, have been 
extensively explored to deliver high drug 
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concentrations to tumor sites. Additionally, 
emerging therapeutic approaches include 
immunotherapy, virotherapy, and gene therapy, 
with clinical trials investigating CTLA-4 blockade, 

PD-1/PD-L1 checkpoint inhibition, and oncolytic 
viruses as potential treatment strategies [69], 
[70]. 

 
6. Clinical Applications and Case Studies in Cervical Cancer 
Recent advancements in drug delivery systems for cervical cancer have focused on both systemic and 
localized approaches to improve therapeutic 
efficacy and reduce side effects. Whether it is 
liposomes, hydrogels, nanoparticles, or 
intravaginal rings, patches, and films, researchers 
are exploring new delivery techniques. These 
strategies aim to minimize systemic side effects by 
improving drug delivery to the diseased site [71]. 
Local drug delivery systems, such as gels, 
nanoparticles, polymeric films, and rods, are 
mainly nanocarrier-based systems. Solubilization 
enables high drug concentrations at the target 
site, which can improve therapeutic efficacy and 
reduce toxicity. Hydrogels, liposomes, and 
nanoparticles have shown promise as safer and 
more effective methods for systemic or targeted 

delivery of drugs in cancer treatment, such as 
cervical cancer [72], [73]. Additionally, artificial 
strategies like cervical patches, films, and rings 
are being emphasized for the localized 
administration of medication at the tumor site, 
minimizing systemic side effects and reducing the 
need for large doses. Local drug delivery, as 
opposed to systemic delivery, offers numerous 
advantages in the management of cervical cancer. 
This breakthrough in targeted cancer therapy not 
only reduces side effects but also lowers the 
required dosage. Ultimately, targeted drug 
delivery increases therapeutic effectiveness by 
delivering larger concentrations of the drug with 
minimal systemic toxicity [74], [75]. 

 
7. Patient Perspectives in Cervical Cancer 
Important factors that affect a patient's general 
well-being are revealed through their candid 
observations of their actual experiences and 
quality of life, both during and after cervical 
cancer treatment. Physical, mental, and social 
well-being were highlighted in a comprehensive 
study on the quality of life among survivors of 
cervical cancer, underscoring the complex 
balance that is impacted by the illness and its 
treatment [76]. Patients receiving definitive 
chemotherapy and radiation therapy expressed 
specific concerns that affected their quality of life, 
though the study did not go into detail about these 
experiences. It did, however, emphasize the need 
to gain a greater understanding of patients' 
viewpoints throughout such intense therapies 
[77]. 
An important study with a 10-year follow-up 
period shed light on the quality-of-life following 
surgery for individuals with early-stage cervical 
cancer. The long-term effects of cancer treatment 
on survivors were better understood thanks to 
this longitudinal method, which also revealed 
significant effects on their social relationships, 
psychological well-being, and everyday activities 
[78]. Other studies examine health-related 
quality of life in individuals with locally advanced 
cervical cancer who underwent major surgery and 
neoadjuvant therapy [50]. Again, the focus was on 
assessing the ways these treatment techniques 
affect patients' views of their health and their 
general level of contentment with life following 
treatment, highlighting the critical role of tailored 
care approaches [79], [80]. 
It has been demonstrated that postoperative 
therapies greatly enhance cervical cancer 

patients' quality of life. Enhancements were noted 
in aspects such as relationships with others, 
mental health, and living environments, 
suggesting that rehabilitation and supportive care 
can significantly improve recovery and quality of 
life after surgery [81]. One important factor that 
has emerged for patients undergoing surgery for 
cervical cancer is the quality of their sexual life, 
particularly for those who are of childbearing age. 
This underscores the importance of addressing 
family dynamics and sexual health as part of 
comprehensive cancer care for young women, as 
this will improve their mental health recovery and 
post-treatment well-being [82], [83]. 
A thorough investigation of the quality of life for 
early-stage cervical cancer patients receiving 
various adjuvant therapy regimens was provided 
by a comparative analysis from the STARS 
research. This analysis is crucial in ensuring a 
patient-centered approach to cancer care by 
guiding treatment decisions that align with 
patients' preferences and life goals [84]. The 
substantial influence of modern treatment 
modalities on women's self-reported health-
related quality of life was highlighted by a 
systematic review. This study integrated patient-
reported results from multiple research projects 
to present a comprehensive picture of how 
contemporary treatments impact survivors, 
providing valuable insights for enhancing care 
approaches [85]. 
The combined findings of this research highlight 
the importance of incorporating patient 
perspectives into the design of care for cervical 
cancer. Understanding the subtleties inherent in 
patients' experiences, expectations, and perceived 
quality of life helps direct the development of 



 

291  

Current Pharmaceutical Research (CPR) 

more compassionate, effective, and 
comprehensive treatment and support programs 

tailored to their individual needs [86], [87]. 

 
Conclusion 
The evolving field of targeted drug delivery in 
cervical cancer represents a transformative 
approach to enhancing therapeutic efficacy and 
minimizing side effects. Innovative strategies, 
including localized drug delivery systems, 
nanocarriers, and nanomedicine, are addressing 
critical challenges such as drug resistance, 
systemic exposure, and transdermal penetration. 
With a deep understanding of the cellular 
landscape of cervical cancer, these advancements 
hold great promise to revolutionize treatment 
approaches, offering patients improved efficacy 

and fewer adverse effects. As research continues 
to progress, interdisciplinary collaborations and 
ongoing exploration of new drug delivery 
modalities will be crucial to translating the 
clinical potential of targeted drug delivery 
systems into more effective, personalized, and 
less toxic treatments. Ultimately, these 
innovations have the power to significantly 
improve the quality of life and survival rates for 
cervical cancer patients, shaping the future of 
cancer therapy. 
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