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Summary  

 

Cumulatively, breast, cervical, ovarian and uterine cancer account for more than 50% of cancers in 

women in India. Distinct differences in phenotype (clinical presentation) suggest underlying 

differences in cancer biology and genetics - the peak age of onset of breast and ovarian cancer 

appears to be a decade earlier in India (45- 50yrs) than developed nations (> 60 years). 

Understanding these differences through research to derive India-specific paradigms for diagnosis, 

screening, prevention and treatment is critical and essential to improving women's 

health in India. Since the sequencing of the human genome in 2001, applications of advancing 

technologies such as massively parallel sequencing have transformed our understanding of the 

genetic and environmental drivers of cancer. The $1000 dollar whole genome sequence is now a 

reality. How can these technologies be best harnessed to provide health care solutions at 

scale and at budget for a country of 1.2 billion people? What research programs are necessary to 

answer India specific questions and build capacity for innovative solutions using these 

technologies? We performed a systematic review and convened a workshop with key stakeholders 

to address these issues. We highlight challenges, ongoing genomics research, developments in 

infrastructure and suggests key priorities for research.  
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Introduction  

Women’s cancer (breast, cervical, ovarian and uterine cancers) cause in excess of 1 million deaths 

each year worldwide; about three times more deaths each year than maternal mortality. 1 The majority 

of these cancer deaths will occur in Low and middle income countries. 1 India’s cancer burden, 

currently estimated at over 1.5 million new cases  is predicted to nearly double in the next 20 years , 

with age-adjusted mortality rates of 64.5 per 100,000 (GLOBOCAN 2012).2  3The burden among 

Indian women is higher than men, in marked contrast with the worldwide picture of cancer in which 

the overall age standardized cancer incidence rate is almost 25% higher in men than in women.4 

Cumulatively, breast, cervical, ovarian and uterine cancer account for more than 50% of cancers in 

women in India. (Figure 1) 

  

Whilst cancer incidence rates are relatively low in India, cancer mortality rate is very high, at 68% of 

the annual incidence. This ratio indicates that fewer than 30% of Indian patients with cancer survive 

5 years or longer after diagnosis.5 In view of the limitations in the available data, (including low 

coverage, particularly in rural areas), the true proportion could be significantly lower. By contrast, in 

North America and Western Europe, overall 5 year survival for all cancers is about 60%. Delayed 

diagnosis and inadequate, incorrect or suboptimum treatment (including patient inability to access or 

complete appropriate therapies) are significant causes of poor cancer survival in India.6 7 
Hitherto 

unidentified differences in tumour biology may also contribute to poorer survival. The delivery of 

affordable and equitable cancer care is thus one of India’s greatest public health challenges.8  

 

Since the sequencing of the human genome in 2001,9 10 applications of advancing technologies such 

as massively parallel sequencing have transformed our understanding of the genetic and 

environmental drivers of cancer. 11-13The under $1000 dollar whole genome sequence is now a reality. 

Insightful applications of this technology have the potential to transform health by delivery of 

‘precision medicine’ or ‘individualized medicine’. How can these technologies be best harnessed to 

provide health care solutions at scale and at budget for a country of 1.2 billion people that has huge 

diversity and a fragmented healthcare system? What research programs are necessary to answer India 

specific questions and build capacity for innovative solutions using these technologies?  

 

Search strategy and Selection criteria  
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We performed a systematic search of published literature in English using the terms ‘India’, ‘cancer’, 

‘genomics’, ‘Genome-wide association studies’ ( GWAS), search date any published to December 

2016. We searched Pubmed and Google. Papers were selected for inclusion if they were reviews or 

original research with data relevant to the application of genomics in women’s cancer 

(breast/cervical/ovarian/uterine) in India. We convened a workshop drawing together stakeholders 

from the World Health Organization, India’s National Institute of Cancer Prevention and Research, 

United States National Cancer Institute, Department of Biotechnology, India, Chandigarh Research 

Innovation Cluster, Postgraduate Institute of Medical Education and Research, National Institute of 

Biomedical Genomics, Public Health Foundation of India, Research Councils UK, British Council, 

Wellcome Trust India alliance, and Illumina. 

 

Challenges from women’s cancer in India  

Changing demographics in India including rapid economic growth, increasing life expectancy, 

declining mortality from communicable diseases and changes in lifestyle are mirrored by a change in 

cancer profiles. 14 Breast cancer is now the most common cancer diagnosed in women with an Age 

standardized rate (ASR) of 25/100,000 and 27% of cancers in women, followed by cervical cancer, 

ASR of 22/100,000 and 22.9% of cancers diagnosed in women. 15 However, there is variation within 

the country, with cervical cancer still being the leading cause of cancer in many rural registries as 

demonstrated in the National cancer registry programme. 2 Ovarian cancer is the 4th most common 

cancer accounting for 5%, ASR of 4.9/100,000. 3  

 

India’s National Cancer Control Programme was launched in 1976, and has been incorporated as part 

of the National Program for the Prevention of Cancer, Diabetes, Cardiovascular Disease and Stroke 

(NPCDS) since 2010. Large scale implementation of cancer prevention and control strategies has yet 

to take place, and public expenditures on cancer remain low at 1.2% of GDP.8 Currently, there is no 

national organized screening program in India. However the NPCDS has introduced opportunistic 

screening for breast and cervical cancers alongside screening for Diabetes and Hypertension in a 100 

selected districts in 21 states. 16 The Ministry of Health & Family Welfare, Government of India has 

recently launched the operational guidelines for screening and prevention of three common cancers 

oral, breast and cervical cancer.17 There are also substantial variations in health systems, access and 

coverage between the various states in India.  

Rationale for cancer genomics research in India - differences in cancer biology and epidemiology 
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Significant clinical differences in cancer behaviour demonstrate that data derived in the West cannot 

be applied without modification to India. For instance, oral cancer occurs more frequently in Indian 

populations; nearly 73.4% of Head and neck cancer in India is from gingivobuccal origin as compared 

to 22% of cancer in the West and is associated with extensive tobacco and betel nut chewing practices. 

18 For breast and ovarian cancers, the peak age of onset in Asian countries appears to be a decade 

younger (45-50 years) than the peak age in the west (> 60). 19 By contrast almost half of all breast and 

ovarian cancers in the UK will be diagnosed in women over the age of 65 years. 20 These 

epidemiological differences may be underpinned by a difference in biology – incidence of triple 

negative breast cancer has been reported as higher in India. 19 21 Multicenter large scale studies with 

standardized histopathology are needed to confirm these observations (Box1) 

 

These findings have social and economic ramifications but also practical implications for diagnosis 

and management. For instance, the accuracy of mammography in Indian women as a screening tool 

may be lower due to differences in breast architecture in younger women. A key deficit previously 

highlighted is the lack of cancer research to guide early detection, prevention, and treatment strategies 

tailored to India rather than international guidelines suited to implementation in high income 

countries. 22
 

 

Significant regional differences also exist within India with variations in cancer type and distribution 

between the different Indian states.     Total cancer rates in population-based registries vary by more 

than 6-fold across the country , and more than 30-fold differences for sites such as the oesophagus 

(East Khasi Hills, North East India at 71.2 per 100,000 males versus Barshi, Western India at 2.7 per 

100,000 males).2 For women, a comparison of incidence rates for Breast cancer shows a 10-fold 

variation between the highest, Delhi at Age adjusted rate (AAR) of 41 to Naharlagun (excluding 

Papumpare) in the North-East of India at AAR 4.4. ( Figure 2) 2 For Cervical cancer, a fivefold 

difference is seen with the highest incidence in the North East of India, Papumpare at AAR 30.2 with 

the lowest in Dibrugarh, also in the North East of India with AAR of 4.9. 2 (Figure 3) 

 

These epidemiological differences may well be underpinned by a difference in cancer genomics and 

biology, differences in prevalence of cancer risk factors, or both, and efforts to unravel these will be 

absolutely vital to effective cancer control and prevention efforts. (Box-1)  

 

Applications of cancer genomics  
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Population Diversity and Cancer Genomics 

 

India is the sixth largest country in size and is the second most populous country in the world at 1.2 

billion. (http://www.censusindia.gov.in). The majority of the modern Indian population comprises a 

mix of  two large genetically divergent and heterogeneous population groups that mixed in ancient 

times (about 1200–3500 BC), known as Ancestral North Indians (ANI) or the Caucasoids and 

Ancestral South Indians (ASI) or the Australoids.23  Overall there are more than 4000 

anthropologically distinct groups and 22 languages with various dialects in this diverse nation. 24 

This diversity is enhanced by caste and religion based boundaries and consanguinity, making clusters 

of specific diseases and founder mutations a possibility.23  

 

This genetic diversity is represented in an extremely limited way in current bioinformatics databases, 

posing challenges for research and meaningful clinical interpretation. For instance the Exome 

Aggregation Consortium which seeks to aggregate and harmonize exome sequencing data has limited 

representation of population of Indian origin.25   An excellent resource is the Indian Genome Variation 

Consortium project which has studied polymorphisms in 900 genes from 55 different population 

groups (http://www.igvdb.res.in/). This forms an important database for design of further studies of 

multifactorial as well as single gene disorders. 26 Another excellent advance is the TMC-SNPdb: an 

Indian germline variant database derived from whole exome sequences representing 114 309 unique 

germline variants-generated from whole exome data of 62 normal samples derived from cancer 

patients of Indian origin. 27 

 

Even with these advances, population level sequencing or genotyping data for India is quite limited 

at present, with only a few hundred whole genome datasets among various institutions, and some 

larger array-type studies to draw upon. The 100,000 Asian Genomes Project will give access to the 

largest amount of India Sequence data in future and is in planning stages. 28 A truly representative 

pan Indian genomic variant data resource across diverse ethnic groups is a key challenge to be 

overcome if implementation of genomics to improve clinical care in India is to be a reality. 29 ( Box-

1)  

 

  

Cancer being a disease at a genome level, every patient has a unique profile, at both pathological and 

molecular levels. However, shared germline mutations are known to confer susceptibility risk. This 

has inspired the design of linkage analysis studies to identify regions of the genome shared across 

families carrying the same phenotype, most successful in the identification of the BRCA1 and 

http://www.censusindia.gov.in/
http://www.igvdb.res.in/
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BRCA2 genes. 30 31 Such approaches however cannot explain the entire incidence, and the focus has 

since shifted to association studies of common variants, with potentially modest effect. These 

genome-wide association studies (GWAS) are based on more, albeit less informative, markers, shared 

further generations back than in linkage studies. This allows for the analysis of larger cohorts without 

the need to collect familial information and has led to hundreds of studies being performed across the 

world resulting in the association of thousands of genetic loci with numerous phenotypes. Famously 

genetic background could link up geographical information, especially across the numerous GWAS 

performed in Europe.32 This underlying structure of the data admirably reflects population diversity 

at a genetic level; conversely this also raises concerns about the validity of GWAS findings in 

populations distinct from the original region of discovery and undermines associations where cases 

and controls had different backgrounds.  

 

Carefully elucidating the effect of population diversity in India through well planned GWAS studies 

is likely to yield valuable fresh insights into disease aetiology and responses to drug therapy.  Recently 

the first such study in an Indian population to examine a large number of GWAS-identified breast 

cancer risk loci has been published. 33 Using such cohorts especially enriched for a given phenotype, 

may maximize the information and find valuable associations with key genes even with limited cohort 

size. 34 Furthermore, if appropriately recognized, limited population heterogeneity is an opportunity 

to increase the power of discovery. 35 Finally, the larger scale of analysis enables the creation of 

cohorts sharing predisposition beyond the molecular susceptibility, such as response to environmental 

factors. (Box -1) 

 

Studies comparing genotype-phenotype interactions are of particular interest in populations where it 

is possible to compare between Indian groups in India and Indian groups settled elsewhere, say the 

West.  For instance, the Punjab region in India has deep cultural, family links at multiple levels with 

the West Midlands region of the UK. The Indian Punjabi diaspora came to the UK in the 1950s and 

have settled in the major conurbations including Birmingham.36 Large scale parallel studies in 

women’s cancer patients in Punjab and the Punjabi diaspora in the UK may offer the unique 

opportunity to compare and contrast genetic and environmental influences in cancer behavior in 

genetically related populations subject to very different environmental milieu and can provide insight 

into cancer prevention. (Box 1) Punjab state benefits from a robust population based registry covering 

both the urban area of Chandigarh UT as well as Sangrur, Mansa and SAS Nagar districts. 

(http://www.canceratlaspunjab.org/) Apart from known epidemiological risk factors driving cancer 

incidence such as visceral obesity, tobacco and alcohol consumption, increased pesticide use in 

http://www.canceratlaspunjab.org/
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agriculture and higher levels of heavy metal in water and food have been postulated as drivers specific 

to Punjab.37  

 

 

Familial cancer in women  

Approximately 10% of women with breast cancer, 20% with ovarian cancer and up to 9% with uterine 

cancer display inherited mutations in germline DNA as reported in studies performed in the West. 38-

40 Importantly, these mutations are also identified in ‘unselected women’ with cancer that is those 

without a family history of cancer or early age of onset. 41The autosomal dominant disorders, 

hereditary breast and ovarian cancer (HBOC) with mutations in the BRCA 1 and 2 genes and Lynch 

syndrome (formerly referred to as hereditary nonpolyposis colorectal carcinoma, HNPCC) with 

mutations in the mismatch repair genes underlie the majority of this inherited susceptibility. Women 

with a BRCA1 mutation have a lifetime risk of ovarian cancer by age 70 years of up to 63% and of 

breast cancer by age 70 years of up to 85%. Risks of ovarian and breast cancers in women by age 70 

years among BRCA2 carriers are reported to be up to 27% and 84% respectively. 42 43 Mutations are 

in high prevalence genes BRCA 1 and 2, PALB2, TP53, PTEN, CDH1, STK11, genes with moderate 

prevalence CHEK2, BRIP1, RAD51, and ATM as well as in the Lynch syndrome family of genes 

MLH1, MSH2, MSH6, PMS2 and EPCAM.  Identifying families at risk and characterization of risk 

can enable evidence based large scale targeted prevention and screening efforts to reduce mortality 

from these cancers. Risk reducing interventions such as prophylactic mastectomy, bilateral salpingo- 

oophorectomy in in women with a familial risk of cancer in developed countries have robustly 

demonstrated reductions in cancer incidence and mortality.  44-46 While population-based 

mammography screening is unlikely to be useful in India at present, targeted screening efforts using 

mammography in these ‘at risk’ populations, with careful age constraints  on publically available 

programs may prove cost effective and reduce mortality. 47  

 

 

We also highlight a note of caution here – that screen-detected cancers may have a different 

genomic and phenotypic presentation than clinically detected cancers. Cancers that present 

clinically are more commonly biologically aggressive cancers, more commonly basal or triple-

negative tumours, which screen detected (clinically occult) cancers are more commonly ER+ more 

biologically favourable variants.  

 

In this context, it would be helpful to investigate the differences between screen detected cancers 
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and clinically detected cancers in the South Asian populations who have migrated to high income 

countries. ( Box1)  Data on this is currently limited, as unfortunately, South Asian immigrants 

settled in the United Kingdom and North America have lower screening uptake rates for breast, 

cervical and colorectal cancers 48  

 

Furthermore, considerable diversity in mutation profiles by ethnicity exists in the BRCA 1 and 2 

genes.49 Whilst substantial information about the prevalence and spectrum of BRCA mutations exists 

in European and North American populations information is lacking in other populations, including 

the Indian population. Using data from Caucasian populations to interpret data from non –Caucasian 

populations can be highly misleading and lead to misdiagnosis.50 In addition, the inherited risk of 

breast and ovarian cancer risks vary by type and location of BRCA1/2 mutations, making it vital to 

characterise the spectrum of mutations by ethnicity. 51 

 

Current data on the prevalence and nature of BRCA mutations and other inherited cancer predisposing 

genes in the Indian population is valuable but limited to single centre studies, relatively small sample 

sizes, restricted to selected women with strong family history of cancer, using older technologies e.g. 

Sanger sequencing. 52 53 More recently two pivotal studies using panel testing and Next generation 

sequencing have been published. 54 55 The first study screened 91 patients with family history of 

Hereditary breast or ovarian cancer or early onset of cancer from Southern India, previously tested 

negative by an earlier PCR-dHPLC (PCR-denaturing high performance liquid chromatography)-

based, by targeted resequencing of a multi-gene panel and reported a mutation rate of 26.4% (24/91). 

The second study identifies up to 36% prevalence of pathogenic mutations in breast and ovarian 

cancer susceptibility genes in women tested with a private provider, including some sporadic patients. 

54 55   

 

There is an urgent unmet need for large scale studies recruiting unselected women with Breast, 

ovarian and uterine cancer from across the different regions of India, from both urban and rural 

distributions, carefully annotated with clinical, pathological, survival data, tested with pan cancer 

panels using NGS to characterize the prevalence and spectrum of mutations and variants of uncertain 

significance in Indian women.  In order to tease apart intrinsic biological differences from 

environmental factors, and to assess the interplay of the two, it is essential that data should be also 

collected on epidemiological characteristics and environmental exposures to potential carcinogens. 

(Box1) 
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Human Papilloma virus (HPV) infection and Cervical cancer 

 

As previously discussed, Cervical cancer incidence rates differs widely across regions in India. 

Furthermore, HPV variants differ in oncogenic potential, because of differences in biological, 

biochemical effects. 56 The oncogenicity of distinct HPV variants may also differ between 

geographical regions because of differences in the population related to the distribution of HLA 

alleles. 57 Efforts to understand the natural history of HPV infection and the development of cervical 

cancer across regions of varying incidence of cancer; establishing type and infection rates of HPV 

through population based cohort studies and characterization of India-wide HPV genome variants 

will be critical to the development of India specific low cost vaccines and HPV diagnostics ( Box 1).  

Recently complete genome sequences of HPV 16 isolates from lesions in Indian women have been 

published. 58 

 

Influence of environmental risk factors 

 

Genetic heterogeneity between endogamous groups within India is at least 3-fold higher than that 

observed between European populations, which is attributable to different waves of migration and 

admixture. Further, the genetic variants interact with the diverse environmental factors within India 

and exhibit such diverse effects across different geographic regions and ethnic groups. 

Wide variations in cancer types and incidence between various regions in India maybe due to 

genetic variations in a proportion of patients, however it is also highly likely that environmental 

factors, lifestyle and habits play a bigger role. 

 

For instance, significant variations in the cancer type and presentation are found in the Indian 

subcontinent compared to the rest of the world some of which can be related to specific differences 

in environmental exposure e.g. in case of oral cancer , which is the predominant cancer type in men 

in India. Oral cancer predominantly presents as tongue cancer in the West, while in India it 

predominantly affects the gingivo-buccal region, comprising buccal mucosa, retro-molar trigone 

and lower gum. This might be related to the chewing betel-quid comprising betel leaf (Piper betle), 

areca nut (Areca catechu) and slaked lime (predominantly calcium hydroxide), with or without 

tobacco, is traditional and popular in India and is known to cause oral cancer. 59 Human papilloma 

virus (HPV) infection is also an established risk factor, with prevalence in oral cancer ranging 

between 20 and 50% across geographical regions. 60 
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Ongoing efforts in cancer genomics in India 

 

A recent Global cancer genomics consortium conference at Mumbai showcased the vibrant cancer 

genomics research field in India, with progress in several cancers, including oral cancer, lung cancer, 

cervical cancer and gliomas.  61 The National Institute of Biomedical genomics, Kolkata (NIBMG) 

has had significant infrastructural funding from the Department of Biotechnology, Govt of India to 

address some of the questions key to Indian cancer.   

 

The International Cancer Genome Consortium (ICGC) has been launched to generate high resolution 

catalogues of genomic and other biological alterations in tumours of more than 50 different cancer 

types/subtypes that have clinical and societal importance across the globe. Oral cancer occurs more 

frequently in Indian populations; nearly 73.4% of Head and neck cancer in India is from 

gingivobuccal origin as compared to 22% of cancer in the West and is associated with extensive 

tobacco and betel nut chewing practices. 18 In view of the high prevalence and existence of possible 

interacting environmental factors, India, a founder member of ICGC, is focusing on oral squamous 

cell cancer – gingivo-buccal – in the Indian component of the project. NIBMG, along with Advanced 

Centre for Treatment, Research and Education in Cancer ( ACTREC), Mumbai as the clinical partner, 

is spearheading the Indian initiative in ICGC which is funded by Department of Biotechnology, Govt. 

of India. The key objective of this initiative is to identify genomic, epigenomic and transcriptomic 

landscapes of alterations that drive OSCC-GB. NIBMG has developed substantial infrastructure and 

expertise in genomic analysis of cancer and is generating and analyzing genomic, epigenomic and 

transcriptomic data in the project. The OSCC-GB data in ICGC is available on 

http://dcc.icgc.org/projects/ORCA-IN. 62 63 In addition, NIBMG is engaged in studies on genomics, 

epigenomics and transcriptomics of oropharyngeal cancer and gastric cancer in specific populations 

in the North Eastern region of India (Meghalaya and Mizoram respectively), genomic studies on 

cervical, breast and pancreatic cancer as well as whole genome sequencing studies to catalogue the 

genomic variation of different populations of the Indian subcontinent.  

 

Institutions actively engaged in capacity building in India for genomics include the National Institute 

of Biomedical genomics, Institute of Genomics and Integrative Biology, Council of Scientific & 

Industrial Research, India and others.  Indian research funders Department of Biotechnology, Indian 

Council of Medical Research have initiated Infrastructure Development at institutes for advanced 

Genomic Research and pharmacogenomics implementation across several sites in India. 64 A national 

http://dcc.icgc.org/projects/ORCA-IN
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Bioethics committee has established regulatory guidelines for Genomic medicine techniques, 

research activities and harmonization with international ethical guidelines.  

 

Capacity building for research in genomics in India 

 

Capacity building for research in genomics in India will require a multipronged approach, with the 

need to train scientists in next generation sequencing, bioinformatics and health care providers 

including clinicians, nurses and counsellors in engaging with informed consenting of patients, 

nuanced interpretation and communications of results.  Ongoing efforts such as the infrastructure to 

collect large scale prospective clinical, pathological, therapy and survival data such as the National 

cancer grid will also be vital to this effort.8 Patient – public engagement by researchers and effective 

advocacy through patient groups will be pivotal. All these efforts may be enhanced by public-private 

partnerships.  

 

India’s standing as a leader in Information technology, the large pool of graduates trained in the 

traditionally valued science disciplines and India’s demographic dividend may be fortuitous in 

creating the right conditions to create a genomic powerhouse. The Government of India has launched 

ambitious initiatives to improve online infrastructure and internet connectivity with ‘Digital India’ 

and a commitment to making India the skills capital of the world, ‘Skills India’ which may facilitate 

the skilling up of graduates in the relevant disciplines. 65 66 The Government of India has also launched 

a massive project, called Aadhar, to provide a digital identity based on an individual's fingerprints 

and retina scans. As of 2016, the program had issued 12-digit identification numbers to 1.1 billion 

people. 67 These initiatives are pivotal in imagining a future where individuals can carry health data 

in conjunction with a digital identity.  

 

 

Whilst advances in massively parallel sequencing have revolutionized our understanding of 

disease genomics and personalized medicine, it has also unleashed an enormous amount of data, both 

structured and unstructured, prompting experts and scientists to coin the term “BIG DATA”. These 

huge data sets have challenged the community to devise new sets of analytical and data access tools. 

It is important to highlight the lack of experience and expertise in bioinformatics while dealing with 

analysis of big data in India. There are currently very few islands of excellence where expertise exists 

to evaluate and meaningfully analyse big data from genomics research. Other areas of deficit include 
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the lack of expertise in statistical genetics, systematic data management, data management of array 

data and a lack of basic computational facilities required to store and manage huge databases. 

Institutions such as NIBMG and ACTREC conduct capacity building workshops focusing on focused 

on cutting edge experimental and computational tools of contemporary genomics.  International 

collaborations with ongoing training efforts such as those established by Health Education England 

for UK health care system workers as part of the UK 100,000 genome sequencing efforts may 

potentiate capacity building. 68 

 

Need for efficient research networks  

 

Integrated research systems that can prevent duplication of research efforts, optimize research reach, 

impact and output by creating clusters that can work synergistically and work well together. A 

provocative questions workshop between the US NCI and DBT, India identified key issues regarding 

cancer research in India, including the need for increased cancer research funding, and a focus on 

providing relevant human resource training and technology sharing platforms. Continued open debate 

between researchers, funders and policymakers will be essential to effectively strengthen the cancer 

research portfolio in India.69  

 

Clusters of research collaborations results in greater synergy, effective use of administrative costs. 

For instance, the AMPATH partnership has resulted in collaborators from > 19 universities and 

academic institutions in Africa, Europe, and North America working synergistically across Kenya, 

resulting in more than 275 publications in 17 years in over 90 active research projects securing more 

than $83.4M in research funding. (http://www.ampathkenya.org/) Indian clusters such as the 

Chandigarh Research and Innovation cluster (CRIKC), bringing together research active 

organizations across a wide range of expertise can facilitate effective research delivery. 

(http://crikc.puchd.ac.in/) Other models include innovative partnerships, such as the successful 

collaboration between the University of Cambridge, the National Centre for Biological Sciences and 

Institute for Stem Cell Biology and Regenerative Medicine (inStem), Bangalore CBS resulting in the 

establishment of the multidisciplinary Centre for Chemical Biology and Therapeutics, Bangalore.  A 

landmark initiative, the Indian National Cancer Grid now links more than 85 major cancer centers to 

build a platform that will enable development and dissemination of Indian guidelines, uniformity in 

training in training in cancer care and establish Pan India cancer research networks. 8 This 

development is a key step to enabling the delivery of clinical and translational research at scale.  

 

http://www.ampathkenya.org/
http://crikc.puchd.ac.in/
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Increased research capacity and training, protected time for clinical researchers; enhanced 

collaborative funding programs and development of infrastructures across a range of domains 

including clinical trials and tissue banking have been identified as cancer research priorities in India. 

22 Research capacity building for manpower to staff biobanks, animal house laboratories, genomics 

and bioinformatics will also add to the skills base development in India as championed by the Skills 

Development agenda (http://www.makeinindia.com/home) from the Government of India.   

 

Initiatives from funders such as the Wellcome trust – Department of Biotechnology India alliance 

fellowships for clinical and non-clinical researchers will contribute significantly to capacity building 

for research. (http://www.wellcomedbt.org/). The Newton fund was launched in 2014 and commits 

to £ 75 million pounds each year of research spending with global partners. This is set to increase to 

£150 million by 2021. (http://www.newtonfund.ac.uk/). A significant funding stream for UK-India 

relevant research is the Newton-Bhabha funding stream, delivered jointly between the Research 

Councils UK and the Department of Biotechnology India.   

 

Public Health Implications  

 

Cancer accounts for 12% of premature deaths in Low and middle income countries ( LMIC’s)  with 

7.6% of Disability adjusted Life years (DALY) lost due to cancer.70 The WHO has also set an 

ambitious target of reduction of death from non-communicable disease including cancer by 25% by 

2025 in its recent global monitoring framework. 71 

 

There are a range of socio-economic and socio-cultural factors that can also play a role in the variation 

in site-specific incidence and survival that is observed globally, and by region and race/ethnicity 

within countries such as India. 72 73 Specifically, barriers to early detection in India stem from factors 

including low cancer literacy, stigma, fear, health care access and cost of care.74  A recent review 

found low literacy for breast cancer awareness in Indian women, including nursing professionals, 

whose knowledge of risk factors was not aligned with the importance/strength of a risk factor.75  

Cancer mortality patterns reveal the importance of socio-economic determinants including 

geographical location such as the Northeast or living in rural areas for women or infectious-related 

cancers, low education and religion. 74 Individual- and societal-level social barriers for breast cancer 

in Indian women include cancer stigma, fear, fatalism and financial constraint. 76 Global evidence 

shows the importance of health-systems constraints for women’s cancers related to development of 

health services, availability of health insurance, distance to cancer services as well as gender equity 

http://www.makeinindia.com/home
http://www.wellcomedbt.org/
http://www.newtonfund.ac.uk/
http://www.newtonfund.ac.uk/
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and human development. 77 Thus, sociocultural barriers to cancer control are key challenges in India. 

78  

 

 

Public health measures to tackle cancer control include the Package of essential NCD interventions 

championed by the World Health Organisation (WHO) for primary health care addressing cancer, 

diabetes, heart disease and stroke, chronic respiratory disease; a conceptual framework for 

strengthening equity and efficiency of primary health care in low-resource settings; it identifies core 

technologies, medicines and risk prediction tools; discusses protocols required for implementation of 

a set of essential NCD interventions; develops technical and operational outline for integration of 

essential NCD interventions into primary care and for evaluation of impact. 

(http://www.who.int/cardiovascular_diseases/publications/pen2010/en/) 

 

 

In addition, there is a substantial knowledge deficit on cultural attitudes to genetic testing amongst 

patients and caregivers as well as the awareness of inherited cancer risk in Indian women. Shyness, 

fear of cancer, stigma, financial constraints are some of the barriers to early detection of cancer. 79 

Qualitative studies to assess the type and magnitude of the various barriers will be important; to 

ensure that insight gained by cutting edge genomic technologies translates into real benefit in 

screening, prevention for family members at risk. Studies that promote cancer literacy and 

understanding social and cultural barriers to cancer prevention will also be important. 80 (Box-1) 

Thus, whilst genomics based research may enable a better understanding of ethnic variations in 

cancer patients in India and enable India specific cost effective interventions, it is only one factor in 

a much broader framework of cancer control and not likely to be a universal panacea.  

 

Genomics and improving Outcomes from womens cancers   

How might a better understanding of Genomics improve outcomes from women’s cancer in India 

given such prevalent sociocultural barriers? Population based screening methods for India may not 

be affordable or cost effective, given equally competing demands for universal education, sanitation 

amongst others. However understanding India specific differences through genomics may enable the 

identification of women at high risk of development of cancer where targeted screening may be cost 

effective. We need to urgently identify Indian specific genetic/epigenetic biomarkers related to 

intermediates of breast cancer like mammographic density. These may have potential to be used as 

biomarkers for early detection at screening stage. Equally a greater understanding of the oncogenicity 

http://www.who.int/cardiovascular_diseases/publications/pen2010/en/)
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of HPV variants in Indian woman will help the development of low cost vaccines for cervix cancer.  

Treatment regimens developed using evidence generated from trials performed on Caucasian women 

may not be applicable or as effective in a population with such distinct phenotypical differences. 

Developing evidence based India specific paradigms of screening and management are therefore 

essential to improving outcomes.  

 

Conclusions  

We envisage that genomics technologies harnessed to understand India specific differences in the 

presentation, epidemiology and clinical behaviour of women’s cancer may  lead to the development 

of appropriate cost effective, targeted screening and prevention for women at risk of development 

of Breast and ovarian cancer, new strategies for prevention in Cervix cancer as well as effective 

cancer treatment paradigms. 

Strong multidisciplinary research teams comprising expertise in clinical studies, genomics, 

bioinformatics, modeling, qualitative research and public health will need to work collaboratively to 

harness the immense potential offered by novel next generation sequencing technologies. This will 

ensure that the benefits from these technologies are harnessed in an evidence based and cost effective 

way to improve women’s health and alleviate cancer burden in India.  

 

Acknowledgements  

We gratefully acknowledge Dr Rita Sharma from the Newton Fund, Ms Manjula Rao from the British 

Council, Professor Manoj Arora, PEC Institute of technology, for their contributions to the workshop.  

 

Funding source  

We gratefully acknowledge the International Office at the University of Birmingham for funding 

support and Illumina for contribution to workshop expenses. The funders had no role in the 

submission of the manuscript 

 

Conflicts of interest  

We have no conflicts of interest to declare 

 

Contributors statement  

SS and JB-C conceived the manuscript and wrote the paper, PKS, JF, ET, PR, RM, RH, AM, PG, 

VS, RS, GS, JST wrote sections of the manuscript and critically reviewed the manuscript.  

 



 

 

17 

References 

 

1. Ginsburg O, Bray, F Coleman MP, Vanderpuye V, Eniu A, Kotha SR, et al. The global burden 

of women’s cancers: a grand challenge in global health. Lancet 2016. 

2. National Cancer Registry Programme, Indian Council of Medical Research.  

http://ncrpindia.org/ALL_NCRP_REPORTS/PBCR_REPORT_2012_2014/index.htm 

Accessed 03/08/3017 

3. Ferlay J SI, Ervik M, et al. GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality 

Worldwide: IARC CancerBase No. 11. Lyon, France: International Agency for Research on 

Cancer, 2013. 

4. Cancer Iafro. GLOBOCAN 2012: Estimated cancer incidence, mortality and prevalence 

worldwide in 2012: World Health Organisation 2012. 

5. Mallath MK, Taylor DG, Badwe RA, Rath GK, Shanta V, Pramesh CS, et al. The growing 

burden of cancer in India: epidemiology and social context. Lancet Oncol 2014;15(6):e205-

12. 

6. Sankaranarayanan R, Swaminathan R, Brenner H, Chen K, Chia KS, Chen JG, et al.  Cancer 

survival in Africa, Asia, and Central America: a population-based study. Lancet Oncol 

2010;11(2):165-73. 

7. Chalkidou K, Marquez P, Dhillon PK, Teerawattananon Y, Anothaisintawee T, Gadelha CA, 

et al. Evidence-informed frameworks for cost-effective cancer care and prevention in low, 

middle, and high-income countries. Lancet Oncol 2014;15(3):e119-31. 

8. Pramesh CS, Badwe RA, Borthakur BB, Chandra M, Raj EH, Kannan T, et al. Delivery of 

affordable and equitable cancer care in India. Lancet Oncol 2014;15(6):e223-33. 

9. Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, Baldwin J, et al. Initial sequencing 

and analysis of the human genome. Nature 2001;409(6822):860-921. 

10. Venter JC, Adams MD, Myers EW, Li PW, Mural RJ, Sutton GG, et al.  The sequence of the 

human genome. Science 2001;291(5507):1304-51. 

11. Kandoth C, McLellan MD, Vandin F, Ye K, Niu B, Lu C, et al.  Mutational landscape and 

significance across 12 major cancer types.  Nature 2013;502(7471):333-9. 

12. Cazier JB, Rao SR, McLean CM, Walker AK, Wright BJ, Jaeger EE, et al. Whole-genome 

sequencing of bladder cancers reveals somatic CDKN1A mutations and clinicopathological 

assocations with mutation burden. Nat Commun 2014;5:3756. 

13. Palles C, Cazier JB, Howarth KM, Domingo E, Jones AM, Broderick P, et al. Germline 

mutations affecting the proofreading domains of POLE and POLD1 predispose to colorectal 

adenomas and carcinomas. Nat Genet 2013;45(2):136-44. 

14. Dhillon PK, Yeole BB, Dikshit R, Kurkure AP, Bray F. Trends in breast, ovarian and cervical 

cancer incidence in Mumbai, India over a 30-year period, 1976-2005: an age-period-cohort 

analysis. Br J Cancer 2011;105(5):723-30. 

15. http://gco.iarc.fr/today/online-analysis-multi-

bars?mode=cancer&mode_population=continents&population=356&sex=0&cancer=29&ty

pe=0&statistic=0&prevalence=0&color_patette=default. In: Global cancer observatory Iafc, 

editor, 2017. 

16. Ministry of Electronics and Information Technology GoI. 

http://vikaspedia.in/health/nrhm/national-health-programmes-1/npcdcs. 

17. Ministry of Health and Family Welfare GoI. 

http://cancerindia.org.in/cp/images/PDF/Operational_Framework_Management_of_Commo

n_Cancers.pdf. 

18. Pathak KA, Gupta S, Talole S, Khanna V, Chaturvedi P, Deshpande MS, et al. Advanced 

squamous cell carcinoma of lower gingivobuccal complex: patterns of spread and failure. 

Head Neck 2005;27(7):597-602. 

http://ncrpindia.org/ALL_NCRP_REPORTS/PBCR_REPORT_2012_2014/index.htm
http://gco.iarc.fr/today/online-analysis-multi-bars?mode=cancer&mode_population=continents&population=356&sex=0&cancer=29&type=0&statistic=0&prevalence=0&color_patette=default
http://gco.iarc.fr/today/online-analysis-multi-bars?mode=cancer&mode_population=continents&population=356&sex=0&cancer=29&type=0&statistic=0&prevalence=0&color_patette=default
http://gco.iarc.fr/today/online-analysis-multi-bars?mode=cancer&mode_population=continents&population=356&sex=0&cancer=29&type=0&statistic=0&prevalence=0&color_patette=default
http://vikaspedia.in/health/nrhm/national-health-programmes-1/npcdcs
http://cancerindia.org.in/cp/images/PDF/Operational_Framework_Management_of_Common_Cancers.pdf
http://cancerindia.org.in/cp/images/PDF/Operational_Framework_Management_of_Common_Cancers.pdf


 

 

18 

19. Bhoo-Pathy N, Yip CH, Hartman M, Uiterwaal CS, Devi BC, Peeters PH, et al. Breast cancer 

research in Asia: adopt or adapt Western knowledge? Eur J Cancer 2013;49(3):703-9. 

20. CRUK. http://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence. 

21. Lakshmaiah KC, Das U, Suresh TM, Lotakanatha D, Babu GK, Jacob LA, et al. A study of 

triple negative breast cancer at a tertiary cancer care center in southern India. Ann Med Health 

Sci Res 2014;4(6):933-7. 

22. Sullivan R, Badwe RA, Rath GK, Pramesh CS, Shanta V, Digumarti R, et al. Cancer research 

in India: national priorities, global results. Lancet Oncol 2014;15(6):e213-22. 

23. Aggarwal S, Phadke SR. Medical genetics and genomic medicine in India: current status and 

opportunities ahead. Mol Genet Genomic Med 2015;3(3):160-71. 

24. Tamang R, Singh L, Thangaraj K. Complex genetic origin of Indian populations and its 

implications. J Biosci 2012;37(5):911-9. 

25. Lek M, Karczewski KJ, Minikel EV, Samocha KE, Banks E, Fennell T, et al. Analysis of 

protein-coding genetic variation in 60,706 humans. Nature 2016;536(7616):285-91. 

26. Genetic landscape of the people of India: a canvas for disease gene exploration. J Genet 

2008;87(1):3-20. 

27. Upadhyay P, Gardi N, Desai S, Sahoo B, Singh A, Togar T, et al. TMC-SNPdb: an Indian 

germline variant database derived from whole exome sequences. Database (Oxford) 

2016;2016. 

28. 100K GA. http://www.genomeasia100k.com/ 

29. Manolio TA, Abramowicz M, Al-Mulla F, Anderson W, Balling R, Berger AC, et al. Global 

implementation of genomic medicine: We are not alone. Sci Transl Med 

2015;7(290):290ps13. 

30. Easton DF, Bishop DT, Ford D, Crockford GP. Genetic linkage analysis in familial breast and 

ovarian cancer: results from 214 families. The Breast Cancer Linkage Consortium. Am J Hum 

Genet 1993;52(4):678-701. 

31. Wooster R, Bignell G, Lancaster J, Swift S, Seal S, Mangion J, et al. Identification of the 

breast cancer susceptibility gene BRCA2. Nature 1995;378(6559):789-92. 

32. Heath SC, Gut IG, Brennan P, McKay JD, Bencko V, Fabianova E, et al. Investigation of the 

fine structure of European populations with applications to disease association studies. Eur J 

Hum Genet 2008;16(12):1413-29. 

33. Nagrani R, Mhatre S, Rajaraman P, Chatterjee N, Akbari MR, Boffetta P, et al. Association 

of Genome-Wide Association Study (GWAS) Identified SNPs and Risk of Breast Cancer in 

an Indian Population. Sci Rep 2017;7:40963. 

34. Hager J, Kamatani Y, Cazier JB, Youhanna S, Ghassibe-Sabbagh M, Platt DE, et al. Genome-

wide association study in a Lebanese cohort confirms PHACTR1 as a major determinant of 

coronary artery stenosis. PLoS One 2012;7(6):e38663. 

35. Davies JL, Cazier JB, Dunlop MG, Houlston RS, Tomlinson IP, Holmes CC. A novel test for 

gene-ancestry interactions in genome-wide association data. PLoSOne 2012;7(12):e48687. 

36. Gill PS KJ, Bhopal RS, Wild S. (2007) Health Care Needs Assessment: Black and Minority 

Ethnic Groups. In: Raftery J, Stevens A, Mant J (ed.). Health Care Needs Assessment. The 

epidemiologically based needs assessment reviews. Third Series. Abingdon: Radcliffe 

Publishing Ltd. pp227-399; editor: Halsey AH, Webb J. (eds). Twentieth Century British 

Social Trends. Macmillan Press: New York 2000 

37. Thakur JS, Rao BT, Rajwanshi A, Parwana HK, Kumar R. Epidemiological study of high 

cancer among rural agricultural community of Punjab in Northern India. Int J Environ Res 

Public Health 2008;5(5):399-407. 

38. Tung N, Lin NU, Kidd J, Allen BA, Singh N, Wenstrup RJ, et al. Frequency of Germline 

Mutations in 25 Cancer Susceptibility Genes in a Sequential Series of Patients With Breast 

Cancer. J Clin Oncol 2016;34(13):1460-8. 

http://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence
http://www.genomeasia100k.com/


 

 

19 

39. Ring KL, Bruegl AS, Allen BA, Elkin EP, Singh N, Hartman AR, et al. Germline multi-gene 

hereditary cancer panel testing in an unselected endometrial cancer cohort. Mod Pathol 

2016;29(11):1381-89. 

40. Walsh T, Casadei S, Lee MK, Pennil CC, Nord AS, Thornton AM, et al. Mutations in 12 

genes for inherited ovarian, fallopian tube, and peritoneal carcinoma identified by massively 

parallel sequencing. Proc Natl Acad Sci U S A 2011;108(44):18032-7. 

41. Alsop K, Fereday S, Meldrum C, DeFazio A, Emmanuel C, George J, et al. BRCA mutation 

frequency and patterns of treatment response in BRCA mutation-positive women with ovarian 

cancer: a report from the Australian Ovarian Cancer Study Group. J Clin Oncol 

2012;30(21):2654-63. 

42. Easton DF, Ford D, Bishop DT. Breast and ovarian cancer incidence in BRCA1-mutation 

carriers. Breast Cancer Linkage Consortium. Am J Hum Genet 1995;56(1):265-71. 

43. Ford D, Easton DF, Stratton M, Narod S, Goldgar D, Devilee P, et al. Genetic heterogeneity 

and penetrance analysis of the BRCA1 and BRCA2 genes in breast cancer families. The 

Breast Cancer Linkage Consortium. Am J Hum Genet 1998;62(3):676-89. 

44. Hartmann LC, Sellers TA, Schaid DJ, Frank TS, Soderberg CL, Sitta DL, et al. Efficacy of 

bilateral prophylactic mastectomy in BRCA1 and BRCA2 gene mutation carriers. J Natl 

Cancer Inst 2001;93(21):1633-7. 

45. Marchetti C, De Felice F, Palaia I, Perniola G, Musella A, Musio D, et al. Risk-reducing 

salpingo-oophorectomy: a meta-analysis on impact on ovarian cancer risk and all cause 

mortality in BRCA1 and BRCA2 mutation carriers. BMC Womens Health 2014;14:150. 

46. Schmeler KM, Lynch HT, Chen LM, Munsell MF, Soliman PT, Clark MB, et al. Prophylactic 

surgery to reduce the risk of gynecologic cancers in the Lynch syndrome. N Engl J Med 

2006;354(3):261-9. 

47. Rajaraman P, Anderson BO, Basu P, Belinson JL, Cruz AD, Dhillon PK, et al. 

Recommendations for screening and early detection of common cancers in India. Lancet 

Oncol 2015;16(7):e352-61. 

48. Crawford J, Ahmad F, Beaton D, Bierman AS. Cancer screening behaviours among South 

Asian immigrants in the UK, US and Canada: a scoping study. Health Soc Care Community 

2016;24(2):123-53. 

49. Kim YC, Zhao L, Zhang H, Huang Y, Cui J, Xiao F, et al. Prevalence and spectrum of BRCA 

germline variants in mainland Chines familial breast and ovarian cancer patients. Oncotarget 

2016;7(8):9600-12. 

50. Manrai AK, Funke BH, Rehm HL, Olesen MS, Maron BA, Szolovits P, et al. Genetic 

Misdiagnoses and the Potential for Health Disparities. N Engl J Med 2016;375(7):655-65. 

51. Rebbeck TR, Mitra N, Wan F, Sinilnikova  OM, Healey S, McGuffog L, et al. Association of 

type and location of BRCA1 and BRCA2 mutations with risk of breast and ovarian cancer. 

JAMA 2015;313(13):1347-61. 

52. Soumittra N, Meenakumari B, Parija T, Sridevi V, Nancy KN, Swaminathan R, et al. 

Molecular genetics analysis of hereditary breast and ovarian cancer patients in India. Hered 

Cancer Clin Pract 2009;7(1):13. 

53. Saxena S, Chakraborty A, Kaushal M, Kotwal S, Bhatanager D, Mohil RS, et al. Contribution 

of germline BRCA1 and BRCA2 sequence alterations to breast cancer in Northern India. BMC 

Med Genet 2006;7:75. 

54. Rajkumar T, Meenakumari B, Mani S, Sridevi V, Sundersingh S. Targeted Resequencing of 

30 Genes Improves the Detection of Deleterious Mutations in South Indian Women with 

Breast and/or Ovarian Cancers. Asian Pac J Cancer Prev 2015;16(13):5211-7. 

55. Mannan AU, Singh J, Lakshmikeshava R, Thota N, Singh S, Sowmya TS, et al. Detection of 

high frequency of mutations in a breast and/or ovarian cancer cohort: implications of 

embracing a multi-gene panel in molecular diagnosis in India. J Hum Genet 2016;61(6):515-

22. 



 

 

20 

56. Pande S, Jain N, Prusty BK, Bhambhani S, Gupta S, Sharma R, et al. Human papillomavirus 

type 6 variant analysis of E6, E7 and L1 genes and long control region in biopsy samples from 

cervical cancer patients in north India. J Clin Microbiol 2008;46(3):1060-6. 

57. Matsumoto K, Yoshikawa H, Nakagawa S, Tang X, Yasugi T, Kawana K, et al. Enhanced 

oncogenicity of human papillomavirus type 16 (HPV16) variants in Japanese population. 

Cancer Lett 2000;156(2):159-65. 

58. Mandal P, Bhattacharjee B, Sen S, Bhattacharya A, Roy Chowdhury R, Mondal NR, et al. 

Complete Genome Sequences of Eight Human Papillomarvirus Type 16 Asian American and 

European Variant Isolates from Cervical Biopsies and Lesions in Indian Women. Genome 

Announc 2016;4(3). 

59. Cancer Iafri. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans 

http://monographs.iarc.fr/ENG/Monographs/vol85/mono85.pdf, 2004. 

60. Chocolatewala NM, Chaturvedi P. Role of human papilloma virus in the oral carcinogenesis: 

an Indian perspective. J Cancer Res Ther 2009;5(2):71-7. 

61. The Global Cancer Genomics Consortium: interfacing genomics and cancer medicine. Cancer 

Res 2012;72(15):3720-4. 

62. Biswas NK, Das S, Maitra A, Sarin R, Majumder PP. Somatic mutations in arachidonic acid 

metabolism pathway genes enhance oral cancer post-treatment disease-free survival. Nat 

Commun 2014;5:5835. 

63. Mutational landscape of gingiva-buccal oral squamous cell carcinoma reveals new 

recurrently-mutated genes and molecular subgroups. Nat Commun 2013;4:2873. 

64. Department of biotechnology 

https://www.genome.gov/multimedia/slides/gm6/24_s_sinha_india.pdf. 

65. Entrepreneurship MoSDa. http://skillindia.gov.in/. 

66. Ministry of Electronics and Information Technology GoI.  http://digitalindia.gov.in/.  

67. Unique Identification Authority of India GoI. https://uidai.gov.in/new/.  

68. Health Do. https://www.genomicsengland.co.uk/.  

69. Rajaraman P, Dey B, Majumder PP, Mayor S,Pillai MR, Ramaswamy S, et al. First 

International Workshops on Provocative Questions (PQ) in Cancer Research, October-

November 2014, New Delhi, Bengaluru, and Thiruvananthapuram, India. J Cancer Policy 

2015;6:33-36. 

70. Global, regional, and national life expectancy, all-cause mortality, and cause-specific 

mortality for 249 causes of death, 1980-2015: a systematic analysis for the Global Burden of 

Disease Study 215. Lancet 2016;388(10053):1459-544. 

71. WHO) WHO. http://www.who.int/nmh/publications/fact_sheet_cancers_en.pdf. 

72. Ginsburg O, Bray F, Coleman MP, Vanderpuye V, Eniu A, Kotha SR, et al. The global burden 

of women’s cancers: a grand challenge in global health. Lancet 2017;389(10071):847-60. 

73. Allemani C, Weir HK, Carriera H, Harewood R, Spika D, Wang XS, et al. Global surveillance 

of cancer survival 1995-2009: analysis of individual data for 25,676,887 patients from 279 

population-based registries in 67 countries (CONCORD-2). Lancet 2015;385(9972):977-

1010. 

74. Dikshit R, Gupta PC, Ramasundarahettige C, Gajalakshmi V, Aleksandrowicz L, Badwe R, 

et al. Cancer mortality in India: a nationally representative survey. Lancet 

2012;379(9828):1807-16. 

75. Gupta A, Shridhar K, Dhillon PK. A review of breast cancer awareness among women in 

India: Cancer literate or awareness deficit? Eur J Cancer 2015;51(14):2058-66. 

76. Dey S, Sharma S, Mishra A, Krishnan S, Govil J, Dillon PK. Breast Cancer Awareness and 

Prevention Behavior Among Women of Delhi, India: Identifying Barriers to Early Detection. 

Breast Cancer: Basic and Clinical Research 2016:10 147–156 doi:10.4137/BCBCR.S40358 

77. Ginsburg O, Badwe R, Boyle P, Derricks G, Dare A, Evans T, et al. Changing global policy 

to deliver safe, equitable, and affordable care for women’s cancers. Lancet 2016. 

http://monographs.iarc.fr/ENG/Monographs/vol85/mono85.pdf
https://www.genome.gov/multimedia/slides/gm6/24_s_sinha_india.pdf
http://skillindia.gov.in/
http://digitalindia.gov.in/
https://uidai.gov.in/new/
https://www.genomicsengland.co.uk/
http://www.who.int/nmh/publications/fact_sheet_cancers_en.pdf


 

 

21 

78. Goss PE, Strasser-Weippl K, Lee-Bychkovsky BL, Fan L, Li J, Chavarri-Guerra Y, et al. 

Challenges to effective cancer control in China, India and Russia. Lancet Oncol 

2014;15(5):489-538. 

79. Pati S, Hussain MA, Chauhan AS, Mallick D, Nayak S. Patient navigation pathway and 

barriers to treatment seeking in cancer in India: a qualitative inquiry. Cancer Epidemiol 

2013;37(6):973-8. 

80. Krishnan S, Dhillon PK, Bhadelia A, Schurmann A, Basu P, Bhatla N, et al. Report from a 

symposium on catalyzing primary and secondary prevention of cancer in India. Cancer 

Causes Control 2015;26(11):1671-84. 

 

 

 

 

 


