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Abstract 

The growing challenge of cancer in India demands the development of novel treatment approaches that 

are efficient and less expensive in alleviating disparities related to healthcare access and optimizing 

outcomes. Among the possible options, the drug delivery systems utilizing nanocarriers have been 

developed and they provide greater therapeutic targeting, reduced systemic toxicity, and decreased 

treatment costs over time. In this research, we assess the degrees of awareness, affordability, and 

acceptability of targeted nanocarrier drug delivery systems among cancer patients who are on 

medication and are receiving care at tertiary health facilities in various regions of India. A cross-

sectional survey was conducted among 634 patients, who were randomly selected out of an estimated 

population of 375,000 individuals on drug-based cancer therapies. Data collection was done through 

a structured questionnaire that included demographics, treatment histories, economic challenges, and 

awareness and attitudes about nanomedicine. The results reveal that 72.6% of respondents had no prior 

awareness of nanocarrier-based therapies, yet 81.5% expressed willingness to participate in clinical 

trials involving cost-effective nanomedicine. Notably, 64.7% of participants reported significant 

financial constraints in managing ongoing treatments. There is a gap to be filled; it is clear from the 

findings that low cost, nanotechnology-based therapies should be added to cancer care services in the 

country alongside education and engagement strategies to promote further utilization. 
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INTRODUCTION 

In India, cancer remains one of the leading causes of death and continues to sustain one of the highest 

disease burdens in the country. Recent estimates indicate that around 2.5 million people have cancer in 
the country while new cases in the country are being diagnosed in hundreds of thousands every year. 

Growth in incidence is largely a result of increased population age, urban migration, lifestyle changes, 
as well as inadequate and unpreventive healthcare 

services. In the context of cancer treatment, 
chemotherapy is often employed as a central 

approach, but it presents a myriad of concerns. 
These include, but are not limited to, nonspecific 

cytotoxicity and damage to healthy structures, the 
creation of multidrug resistant cancer strains, severe 

trauma on the patients’ body, and an enormous cost 
to cancer patients and their families [1]. With these 

concerns in mind, the emergence of new branches 
of medicine nanotechnology comes with 

magnifying benefits. Nanocarrier-based drug 

delivery systems – designed to direct drugs to the 
tumor cells – can overcome some of the most severe 

barriers in conventional chemotherapy. These 
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systems target malignant tissues with high accuracy, while at the same time improving the 

pharmacokinetics and bioavailability of anticancer drugs, and greatly reducing systemic toxicity [2].  

 

Global adoption of nanomedicine within oncology is augmenting at a fast pace. These advanced 
therapies have yet to receive widespread clinical adoption in India owing to their high development 

costs, low levels of public awareness, and the poor state of the healthcare infrastructure. Even so, the 
development of cost-effective nanocarriers, like liposomes, dendrimers, and polymeric nanoparticles, 

offers new opportunities for the application of such technologies into cancer care in India, which is 
classified as a lower- to middle-income country [3].  

 
This study aims to address the lack of comprehensive cancer treatment options by assessing the level 

of awareness and perception of nanocarrier-based therapies among cancer patients, as well as their 
economic burden associated with conventional drug payments. It also gauges the level of willingness 

to adopt nanomedicine as part of the patient’s therapeutic regimen. These aspects are critical for 

formulating policies, public health initiatives, and investing resources due to the need for affordable 
cancer nanotherapeutics in India [4]. 

 

METHODS 

Study Design and Population 

A cross-sectional descriptive study was carried out from January to March of 2025 across five 

publicly and privately funded tertiary cancer care centers in various regions of India to capture a more 
diverse patient population within the country. The sample consisted of male and female adult patients 

(with an age threshold of 18 years) who were undergoing drug treatment – such as chemotherapy, 
immunotherapy, or targeted therapy – for their cancers. If the patients were able to provide informed 

consent and participate in the study mentally and physically, they were enrolled irrespective of the 
cancer type and stage. The objective was to evaluate current perceptions and experiences of patients 

undergoing treatment within oncology units. 
 

Population and Sample Size 

Caron’s national health statistics project that there are around 375,000 active users of various drug 

therapies for cancer in India. For this study, we ensured that the sample size met all statistical 

requirements. This was done by calculating it using Cochran’s formula for finite populations with an 
interval of 95%, a 5% margin of error and a design effect of 1.5 for clustering within healthcare 

facilities. In this situation we are dealing with a minimum sample size of 634 participants. The study 
was implemented with a stratified sampling design, meaning that study participants were allocated to 

each center in proportion to the average number of patients seen each month to minimize sampling bias. 
 

Data Collection Tool 

The data were obtained utilizing a structured questionnaire designed by the research team alongside 

oncologists and public health consultants. The tool included 22 items organized into six key sections: 
1. Demographic information, which involves age, gender, education, income, and the region where 

one resides. 
2. Clinical Profile, which captures cancer type, stage, duration since diagnosis, and current 

treatment type. 
3. Drug Delivery Experience – prior knowledge or usage of sophisticated delivery systems. 

4. Affordability and Financial Burden – evaluation of pockets of income, insurance reimbursement, 
and perceived financial hardship. 

5. Awareness of Nanocarrier Technology– level of understanding of nanomedical concepts. 
6. Perception and Acceptability – willingness to accept new, affordable treatments with nanocarrier 

technology. 

 

Participants were pretested with the questionnaire to enhance accuracy, cultural sensitivity, and 

reliability among the subset of patients (n = 25) prior to wider distribution. 
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Data Analysis 

All answers were coded and analyzed using SPSS version 25.0. As part of analyzing the 

demographics and responses given by the patients, descriptive statistics frequencies, percentages, 

means, and standard deviations were calculated. For surveying the relationships between the 

demographic variables, such as age, education level, income, and the level of awareness of the 

perception of nanocarrier based therapies, inferential statistics like chi-square tests were done. A 

statistical significance level of p < 0.05 was set as a threshold for claiming significance. Ensuring the 

validity of the information was achieved through double entry data checking and validating information 

against set standards. 

 

RESULTS 

Demographic Characteristics 

The study population evidence indicates that most cancer patients receiving drug-based therapies fall 

in the middle aged and older adult categories. Notably, 40.4% of the respondents were in the range of 

46–60 years, which is the most represented age group in the sample (Table 1). This is followed by 

24.4% of the participants who were over 60 years of age, and 22.7% were in the 31–45 years age 

bracket. Younger age groups were the least represented, with 10.6% of the patients aged 18 to 30 years 

and a mere 1.9% below the age of 18. These results are consistent with other populations since the 

prevalence of cancer increases with age, particularly after the age of forty [5–7]. 

 

Examining gender distribution, the study sample was semi male dominated. Out of the 634 

participants, 339 were male, 290 were female and 5 participants identified themselves with other 

genders. Thus, out of the total participants, 53.5% were men, 45.7% women while 0.8% showed other 

gender identities. The slight male dominance may suggest differences in health seeking behavior, cancer 

incidence rate in Indian population or error associated with sampling from different tertiary centers. 

 

Their minimal representation indicates a need for more focused outreach in future studies, but 

participants who identify outside the conventional gender binary also underscored the value of 

inclusivity within all aspects of research. 

 

Table 1. Age and gender distribution. 

Variable Frequency (n = 634) Percentage (%) 

Age 

Below 18 12 1.9% 

18–30 67 10.6% 

31–45 144 22.7% 

46–60 256 40.4% 

Above 60 155 24.4% 

Gender 

Male 339 53.5% 

Female 290 45.7% 

Other 5 0.8% 

 

Cancer Types and Treatments 

The distribution of cancer types among the study participants indicates that breast cancer was the 

most common and was found in 24.9% (n = 158) of the total sample (Table 2). The proportion is 

particularly high given the incidence and detection of breast cancer among women in India, especially 

the urban Indian population. Blood-related cancers, such as leukemia and lymphoma formed the second 

most prevalent category comprising 15.9% (n = 101) of the cases. The following were lung cancers at 

14.2% (n=90), highlighting the public health concern posed by respiratory cancers in general and their 

relationship with the environment and smoking. 
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Participants reporting colorectal cancer accounted for 12.1% (n = 77) while cervical cancer, a 

significant health issue for Indian women, constituted 10.6% (n = 67) of the total cases. Cancers of oral 

cavities, which have an etiological association with smokeless tobacco and poor dental hygiene, made 

up 7.9% (n = 50) of the sample. There was also a proportion of 14.4% (n = 91) who reported having 

other types of cancers including some rare and site-specific tumors which had not been classified under 

any of the major headings. 

 

With respect to treatment methods, most patients (92.4%, n = 586) reported being on chemotherapy 

at the time of the study underscoring the importance of this treatment in the management of cancer in 

India. Radiotherapy was given to 41.5% (n = 263) of the participants, usually in conjunction with 

chemotherapy as a follow-up or through a combined modality approach. 

 

Most respondents (n = 107) reported using targeted therapy (16.9%) as a more recent and specialized 

approach to treatment. In low-resource settings, the targeted form of treatment may have lower 

accessibility, affordability, and availability which could explain the relatively low use of targeted 

therapy. These statistics emphasize the reliance on standard cytotoxic treatment practices, as well as the 

absence of efforts to advance effective and inexpensive alternatives, such as nanocarrier-based drug 

delivery systems (Table 3). 

 

Table 2. Type of cancer and treatment modalities. 

Variable Frequency (n = 634) Percentage (%) 

Type of Cancer 

Breast 158 24.9% 

Lung 90 14.2% 

Colorectal 77 12.1% 

Cervical 67 10.6% 

Blood-related 101 15.9% 

Oral 50 7.9% 

Other 91 14.4% 

Current Treatment 

Chemotherapy 586 92.4% 

Radiotherapy 263 41.5% 

Targeted Therapy 107 16.9% 

 

Affordability and Support 

The data on cancer types of distribution indicate the most common type of cancer among the 

participants of the study was breast cancer, which constituted 24.9% (n = 158) of the sample. This figure 

is high given that breast cancer is becoming more common among Indian women, especially in urban 

areas, where its incidence and detection is on the rise. Blood cancers, which include leukemia and 

lymphoma, were the second most prevalent group, making up 15.9% (n = 101) of the cases. Following 

closely was lung cancer at 14.2% (n = 90), emphasizing the significant workload of respiratory cancers, 

which are often associated with environmental and tobacco use. 

 

Colorectal cancer was reported by 12.1% (n = 77) of participants while cervical cancer, a growing 

worry among Indian women, made up 10.6% (n = 67) of total cases. Oral cancer, which correlates 

strongly with smokeless tobacco and poor dental hygiene, constituted 7.9% (n = 50) of the sample. 

Participants who reported other types of cancer, including some rare or site-specific malignancies not 

classified under the major headings, comprised 14.4% (n = 91) of the total. 

 

Regarding treatment methods, an overwhelming majority of patients 92.4% (n = 586) of the study 

had undergone chemotherapy, proving its importance in drug-based cancer therapy in India. Participants 
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receiving radiotherapy were 41.5% (n = 263) of the sample, most commonly together with 

chemotherapy or as follow-up treatment. 

 

The respondents who reported using targeted therapy as a form of treatment was 16.9% (n = 107), 

which is relatively lower than other treatment types. This was the most recent and specialized form of 

therapy; thus, it makes sense that it is less utilized across society due to issues linked to availability, 

cost, economies of scale, and limited access for those living within resource constrained settings. These 

statistics also illustrate the over-reliance on conventional cytotoxic approaches and the focus on finding 

and marketing lower prices, more effective methods, such as nanocarrier-based drug delivery systems. 

 

Table 3. Treatment, affordability, and support. 

Variable Frequency (n = 

634) 

Percentage 

(%) 

Treatment 

Affordable 

97 15.3% 

Manageable 127 20.0% 

Difficult 298 47.0% 

Not Affordable 112 17.7% 

Financial Support Source 

Government Scheme 184 29.0% 

Private Insurance 67 10.6% 

NGO/Charity 28 4.4% 

Out-of-pocket 355 56.0% 

 

Awareness and Perception of Nanocarrier Therapy 

Results demonstrate a considerable disparity in knowledge about cancer nanocarrier therapies for 

patients within the sample population. The survey indicates that only 27.4% (n = 174) of the 634 

respondents had heard of nanocarrier-based therapy, which suggests that the concept of nanomedicine 

is largely unknown among the patients. This gap in awareness underscores the need for focused 

educational initiatives in oncology clinics to better prepare patients to understand new treatment 

modalities that may be available to them. 

 

In contrast, awareness was lacking, but a large portion of the participants, 81.5% (n=517), were 

willing to accept nanomedicine as part of their cancer treatment regime (Table 4). This indicates a 

favorable attitude toward treatment options that are novel and out of the mainstream, especially if these 

treatments are posited as affordable and effective substitutes for existing treatment options. The high 

level of interest may also stem from the considerable emotional and physical impact of current therapies, 

driving patients to consider therapies that are less likely to cause harm or more likely to target the issue 

at hand. 

 

When specific concerns regarding the use of nanomedicine were discussed, cost was identified as the 

foremost cited concern by 75.4% (n = 478) of participants. As such, this points to the meticulously 

noted importance of costs in relation to the availability of advanced treatment options in India’s 

predominantly out-of-pocket healthcare setting. 

 

Safety was the second most common concern, cited by 66.2% (n = 420) of respondents, followed by 

skepticism regarding the efficacy of such treatments, reported by 46.2% (n = 293). Respondents appear 

to be willing to embrace new technologies; however, the adoption decision is largely contingent upon 

the economic, risk, and clinical factors. Mitigating such risks through open dialogue, economical 

design, and actual evidence will be vital for the incorporation of nanomedicine into cancer treatment in 

India. 
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Table 4. Awareness and interest in nanomedicine. 

Variable Frequency (n = 634) Percentage (%) 

Heard of Nanocarrier-Based Therapy 174 27.4% 

Willing to Try Nanomedicine 517 81.5% 

Primary Concerns (multiple responses allowed): 

Safety 420 66.2% 

Cost 478 75.4% 

Effectiveness 293  46.2% 

 

DISCUSSION 
This investigation highlights the unique gap in the awareness and treatment affordability for the more 

sophisticated methods of cancer management in India, particularly regarding drug delivery using 
nanocarriers. Given the therapeutic promise of such technologies, barely a quarter (27.4%) of the 
surveyed cancer patients understanding of the disease claimed that they have any prior knowledge of 
the nanocarrier-based therapies. On the other hand, a striking 81.5% said that they would be willing to 
use it if offered, suggesting a strong propensity towards innovation if exposed to it, even if they are not 
familiar with it. This gap indicates that the lack of exposure is more to blame, unlike what most would 
assume as patient rational skepticism. 
 

Economic vulnerability emerged as a central theme throughout the study. When over half of the 
patients (56%) indicated that they “self-paid” for their treatment, and about two-thirds (64.7%) of them 
having some degree of trouble paying for ongoing care, it becomes obvious that finances remain one of 
the chief barriers to effective cancer therapy in India. These results are consistent with the country’s 
health data, which captures the socio-economic burdens that high treatment costs, and poor 
infrastructure to insurance and public policy support create inequitable delivery of care services for 
cancer patients. 
 

Prior studies appear to consistently document the clinical benefits reported for the application of 
nanocarrier systems which include better control of drug solubility, drug kinetics, drug release, and 
tumor localization. Such systems have been shown to lessen the toxic effects of traditional 
chemotherapy and even lessen the dosages and duration of treatment required. 
 

Nonetheless, the intersection of science and business remains unsynchronized as the available 
funding for research, development, and production, alongside the regulatory frameworks within these 
countries, poses insurmountable barriers towards adopting nanomedicine in healthcare systems 
throughout LMIC countries, such as India [6].  
 

Technological advancements in medicine continue to outpace their translation into practice, yet the 
enormous interest expressed by patients in clinical trials for therapies utilizing nanocarriers suggests 
that pilot studies and local innovations are on the horizon. Developing novel indigenous, low-cost 
nanocarrier platforms tailored to the unique needs of the Indian healthcare system can minimize costs 
while meeting the considered clinical requirements. Academic institutions and biotechnology 
companies along with healthcare providers can engage in public-private partnerships (PPPs) that may 
enhance the translation of research into practice and provide optimally priced scalable nanomedicine 
technologies. Accessible and affordable solutions could be received through targeted government 
subsidies, tax benefits, and more supportive regulations for clinical trial manufacturing. Also, 
indispensable is integration of patient education coupled with financial aid programs and indigenous 
technological development that ensures equal opportunity to advanced therapies for cancer enabling the 
Indian populace to receive necessary care [8–11]. 
 

CONCLUSIONS 

There remains a significant access gap across India for economical and niche drug delivery systems 

specifically designed for cancer care. The existing cancer treatment environment is characterized by a 
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myriad of conventional therapies, therapies that are undoubtedly useful, yet come with a plethora of 

detrimental effects including non-specific toxicity and a high financial burden. This study reveals a 

particularly concerning gap in patient knowledge and acceptance – though a scant minority, 27.4%, 

acknowledge having heard of therapies utilizing nanocarrier systems, a remarkable 81.5% is willing to 

accept these new therapies if they are safe and affordable. This points toward demand for treatment 

alternatives that are more precise and easier to endure. 

 

India should make strategic investments in the R&D of advanced cancer treatment technologies in 

nanotechnology to bridge the gap with the rest of the world. These include the development of cost-

efficient and locally made innovation in nanocarrier systems, enhancement of collaborations among the 

private and public sectors, and reduction of bureaucratic barriers concerning clinical trial and approval 

processes. Also, there is a strong need to advance educational campaigns in oncology care so that 

patients not only learn about, but actively participate in decisions about, newer treatment options that 

utilize retreatment technologies. 

 

Inclusion of government sponsored subsidies, reimbursements from insurances, and enrollment of 

nanomedicine in public healthcare programs are policy changes needed to nullify the gap in access to 

the new technology ensuring that advancement does not only become a luxury for the economically 

affluent. 

 

India could establish itself as a world leader in accessible, patient-centered cancer nanotherapy by 

synergizing innovation with inclusivity. 
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