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Abstract
It has been over four decades since the launch of the National Cancer Control Programme in India, yet the cancer screening
rates for oral cancer remain unremarkable. Moreover, India is bracing a large burden of oral cancer with poor survival rates. An
effective public health programme implementation relies on a multitude of factors related to cost-effective evidence-based
interventions, the healthcare delivery system, public health human resource management, community behaviour, partnership
with stakeholders, identifying opportunities and political commitment. In this context, we discuss the various challenges in the
early detection of oral premalignant and malignant lesions and potential solutions.
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Introduction

Oral cancer is the commonest cancer and cause of cancer-related
death in Indianmen.1-3 This high burden is predominantly due to
the unabated use of smokeless tobacco (SLT) and areca nut in
most parts of India.4 The Kerala Oral Cancer Screening Trial
(KOCST) revealed a significant reduction in mortality (81%)
and incidence (38%), respectively, of oral cancer following four
rounds of screening through oral visual examination (OVE) by
community health workers (CHWs) in the high-risk population
and demonstrated cost-effectiveness.5 The operational frame-
work launched by the Government of India (GOI) in 2016 under
the National Program for Prevention and control of Cardio-
vascular, Diabetes, Cancer and Stroke (NPCDCS) envisioned 5-
yearly OVE for adults aged 30-65 years.6

Even though the guidelines were formulated two decades
ago, only 1.2% of men and 0.9% of women had ever un-
dergone oral cancer screening (National Family Health Sur-
vey, NFHS-5).7 Still, about two-thirds of head and neck cancer
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patients are diagnosed at advanced stages, with poor 5-year
survival rates.2,8 India spent $3,01 851 on oral cancer in 2020;
and will cost $3 billion over 10 years.9 An annual savings of
$30 million might be realized if early detection and prevention
reduced advanced disease by 20%.9

Through this review, we explored various challenges in the
early detection of oral premalignant and malignant lesions in
the Indian context and their potential solutions.

Oral Cancer Strategy in India:
Current Scenario

The GOI has established Health and Wellness Centre (HWC)
under the Ayushman Bharat Programme (2018) to screen for oral,
breast, and cervical cancers, provide basic oral health care, re-
ferral, and follow-up for a community of up to 30 000 people.10

The accredited social health activist will educate community
about cancer prevention, tobacco cessation, oral health, and
screen adults aged 30 and older for tobacco use and symptoms
using the community-based assessment checklist (CBAC).11 The
screened-positive individuals are referred to the HWC, where
trained community health officer will screen byOVE and refer the
patients with potentially malignant oral lesions to the primary or
secondary level health centres (primary health centre/community
health centre/district hospital) and follow-up as per the operational
guidelines.6,12 By June 2021, 76 877 HWCswere established and
57.86 million people were screened for oral cancer at these
HWCs.10 Oral screeningwill be combinedwith systemic physical
examination during routine health check-ups at all HWCs and
individuals aged 18-29 years old will be screened opportunisti-
cally. A dental surgeon/general surgeon/ENT specialist/Medical
officer stationed at a primary or secondary health centres will also
screen for potentially malignant oral lesions and refer patients for
oral cancer treatment. Additionally, the dental surgeon will
provide preventive, surgical and maxillofacial rehabilitative ser-
vices in the form of education for oral hygiene and periodontal
diseases, screening for non-conical diseases like gingivitis,
periodontitis, malocclusion etc. with referral and management.
The clinically diagnosed oral cancers will be referred to tertiary
cancer centres or medical colleges for treatment, while suspicious
lesions can be biopsied at the primary and secondary centres for
histopathology. Dysplastic lesions that require surgery will be
referred to tertiary hospitals and other lesions will be followed and
counselled for tobacco cessation. All health centres will work in
convergence with resources from the National Oral Health
Program, National Tobacco Control Program and NPCDCS.6,12

Through the National Programme for Palliative Care, the GOI
envisages a similar algorithm for provision of palliative care.13

Challenges in the Community

Socio-Demographic Factors

A recent secondary analysis of the nationally representa-
tive population survey for Indian women found several

socio-demographic and geographical characteristics related
with cancer screening coverage. Oral cancer screening was
positively associated with women’s age, education, employ-
ment, health insurance, media use (radio and television), wealth
quintiles, urban residence, and household headship.14 Epide-
miological studies from the United States have revealed racial
and ethnic disparities in cancer screening service utilization,
with certain races having lower screening rates and a signifi-
cantly higher burden of oral cancer cases and associated
mortality.15 Geographic demarcation in the form of regions
(North, South, Central, East, and Northeast) can serve as a
proxy for ethnographic determinants for cancer screening in
India, which has over fifty ethnic groups16 with a diverse
distribution. A recent geospatial study found dense clustering
for cancer screening among women in selected districts from
southern (Kerala), central (Maharashtra, Madhya Pradesh),
northern (Jammu and Kashmir, Punjab, and Uttar Pradesh),
eastern (West Bengal), and north-eastern regions (Assam).17

Rural cancer screening is impeded by several factors. Poor
cancer awareness, self-neglect and late presentation, poor
health literacy, a lack of appropriate health infrastructure for
early detection of oral lesions, the prevalence of alternative
systems and unlicensed practitioners, tobacco and alcohol use,
poor socioeconomic status combined with a lack of health
insurance, social stigma, distance and transportation issues,
and poor referral pathways all hamper early detection.18 With
OVE as a screening measure for oral cancer, the operational
framework is designed for low-resource settings with an aim
to decentralise healthcare services and reach all ethnic groups
and marginalized populations.6

Poorly Understood Natural History of Oral Lesions and
Their Risk Factors

CHWs struggle to motivate the population for screening due to
poorly understood natural history of oral premalignant dis-
orders (OPMD) and cancer.19 OPMD are chronic by nature
and the reported malignant transformation rate is 7.9%, over
12 months to 20 years.20 Without symptoms, the community
avoids screening and is in the notion that these oral lesions are
benign.19

According to the International Agency for Cancer Research
(IARC), tobacco smoking, SLT use, and areca nut products
chewing are leading drivers for oral cancer, especially in south
and south-east Asia.21 A meta-analysis of 17 case-control
studies on smoking cessation found a 35% risk reduction in
the risk of oral cancer within the first four years of cessation and
a risk reduction to that of non-smokers after 20 years.22 A recent
meta-analysis of 14 studies (case-control and cohort) showed a
28.9% risk reduction for oral cancer among former areca nut
(without tobacco) users and significant risk reversal for oral
cancer with long-term areca nut and tobacco cessation.23 A
recent evaluation of the body of evidence by the IARC working
group found that there was sufficient evidence for oral cancer
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prevention through cessation of tobacco smoking and areca nut
chewing (with or without SLT).21

Extensive health education on the hazards of tobacco has
been conducted across India, however, there is a lack of
awareness of other risk factors like alcohol,24,25 poor oral
hygiene,26 micronutrient deficiencies,25 chronic inflamma-
tion due to trauma from teeth and prosthetic devices,27 high-
risk oncogenic HPV infection,28 alteration of the micro-
biome29 and certain syndromes30 that can accelerate trans-
formation. Studies are exploring the effect of oral
microbiome in oral mucosal immunity and in protection or
facilitation of viral and bacterial infections which may
subsequently prevent or enhance the periodontal diseases. It
is important that oral cancer screening should be in con-
junction with other oral screening parameters.31 Most Indian
rural women apply tobacco paste to their teeth and gums to
ease the pain.32 Highly addictive areca nut is widely used in
the rural community due to its cultural acceptance.33 Poor
health literacy impedes understanding of the information
provided by healthcare providers.34 Research to identify
gaps in awareness followed by context-specific health ed-
ucation interventions will improve cancer literacy.

Resistance to Quitting Risk Factors

Despite the reported decrease in tobacco consumption in
Global Adult Tobacco Survey, 38.0% of men and 8.9% of
women consume tobacco (NFHS-5, 2019-2021) and about
23.9% of Indians (223.79 million) consume areca nut.7,35 The
resistance to quitting tobacco stems from several psychosocial
and cultural factors. Daily wagers cite tobacco dependence for
work efficiency. Urbanization and unregulated media add to
peer pressure.35-37 Tobacco users undermine the risks asso-
ciated with tobacco and it is only when the oral lesions lead to
symptoms or debilitation that the patients feel the need to quit
and seek advice. These factors discourage tobacco users from
screening. The IARC working group has concluded that there
is sufficient evidence for oral cancer prevention through be-
havioural interventions for tobacco cessation.21

Government Policies for Risk Factor Prevention

The World Health Organization (WHO) has acknowledged
India as having the world’s largest publicly funded tobacco
control programme. Adopted strategies include integration of
brief advice on quitting tobacco in primary care, a national
toll-free quitline, a joint framework for TB-tobacco activities,
the establishment of Southeast Asia’s first-of-its-kind tobacco
testing laboratory, and the mTobacco cessation programme
which has 2.1 million self-registered users. Six months after
enrolment, the average quit rate for both smokers and SLT
users was 7%. The Global Adult and Youth Tobacco Surveys
provide comprehensive tobacco surveillance. Between 2009
and 2016, these strategies cut adult cigarette consumption by
17%.38,39

24 states and 3 union territories banned gutkha (SLT) by
May 2013.40 However, it is inconsistently enforced. A
Mumbai study found that marketers circumvent legislation
through twin packaging, flavouring tobacco, and areca nut.
Loopholes in legislation related to manufacturing and sales
need attention. Citizens and organizations that report such
violations should be rewarded.41

Alcohol and poor oral hygiene act synergistically with
tobacco in the malignant transformation of OPMD.42 National
Oral Health Policy (2021 framework) envisions preventive
oral health services at each HWC by 2025 and curative ser-
vices by 2030. The policy proposes working synergistically
with non-communicable disease control programmes and
utlilize low-cost oral hygiene aids.43 India’s alcohol control
regulations and programmes are inconsistent and poorly ex-
ecuted. As of 2020, alcohol is fully prohibited in six states/
UTs.44 The remaining states/UTs have different legal drinking
ages, district-wide prohibitions, or have temporarily banned
alcohol. Pricing and taxation are revenue-driven. Alcohol
advertising strategies must be regulated and monitoring of
alcohol consumption must be strengthened.44,45

Fear of Cancer Diagnosis

Cancer has deep-seated fears.46 Following the screening, there
is poor compliance for biopsies due to the apprehension of
invasive procedures such as the unpleasant connotation of
“biopsy” and its association with life-threatening disorders,
notably cancer.47 Cancer fatalism decreases optimism towards
early diagnosis and symptom-seeking. Patients feel powerless
over the events due to lengthy treatments and debilitation.46

Patients from Punjab believed they would die due to their
condition.48 These negative perceptions discourage screening.
Including oral cancer survivors and self-help groups in cancer
awareness can help to alleviate cancer-related fears.

Financial Outcomes

In India, out-of-pocket expenses go hand in hand with direct
treatment costs. Patients with health insurance are thought to
be immune to the cost of care, yet they confront challenges.
64% of Karnataka households were unaware of health in-
surance schemes, and only 25% used them.49 Complex
processes, limited coverage, and lack of empanelled hospitals
are other hurdles. Most insurance policies do not cover total
treatment costs, locking a substantial number of patients in an
endless cycle of debt. Disability-related job loss causes fi-
nancial dependence.50 The COVID-19 pandemic has exac-
erbated financial obstacles.51

The Free Diagnostics Service Initiative of the National
Health Mission will lower the cost of diagnostics, which will
benefit disadvantaged communities.52 Ayushman Bharat
(Pradhan Mantri Jan Arogya Yojna) was launched as a step
toward universal health coverage and financial protection by
going cashless at the point of care for secondary and tertiary
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care levels and providing affordable cancer medication
through AMRIT (Affordable Medicines and Reliable Implants
for Treatment) pharmacies.10,53 Appropriate utilisation of the
allocated government budget along with corporate social
responsibility funds will support screening programmes, re-
search, and treatment.

Challenges in the Health System

Manpower Deficit

India faces a dearth of trained health workers and over-
burdened resources. The COVID-19 pandemic diverted
health resources, including CHW, further denting screening
services. The current doctor-to-patient ratio for cancer care in
India is 1:2000 compared to 1:1000 which is the minimal
threshold advised by WHO.54,55 There are limited stan-
dardized laboratories and cancer treatment centres, espe-
cially in remote areas. Tertiary Care Cancer Centres (TCCC)
scheme aims to establish 20 State Cancer Institutes (SCI) and
50 TCCCs with grants of $ 1,522,39,928 for each SCI and $
57,14,973 for each TCCC.56 Recently, GOI established
seven TCCCs and authorized seven more for north-eastern
states that report highest cancer incidence (150-200 cases per
100 000 persons).2,57

Dentists, who are the first point of contact for patients with
oral complaints, are hesitant to undertake biopsies for rea-
sons such as notion that biopsy is a specialist procedure,
methodological ambiguity, lack of training, and medico-legal
consequences.58 Inconclusive biopsies cause a dilemma and
loss of follow-up. These barriers cause disruption in cancer
care continuum. Recent indigenous low-cost innovations
such as point-of-care diagnosis layered with artificial in-
telligence and machine learning are emerging adjunct
techniques to improve OPMD detection and biopsy.59 The
Indian Council of Medical Research provides early detection
training for dentist; more platforms are needed for stan-
dardized training.

The KOCST is the only trial that employed mortality re-
duction as the primary outcome measure, a necessity for
assessing impact of screening programme. In the latest
reanalysis, researchers provided proof of principle that risk-
based oral cancer screening will strengthen screening pro-
grammes through judicious use of scarce resources.60 CBAC
forms filled out by CHWs will help in identifying high-risk
populations and baseline information to assess screening
interventions.

Challenges Faced by Community Health Workers

CHWs cite poor incentives, supervisor issues, multiple tasks,
and community rumours as challenges. Community members
refuse screening due to difficult hospital appointments,
transportation costs, and income loss.19 CHWs require

periodic training and a threshold for their competency and
knowledge retention should be determined through their
learning curves along with regular monitoring.

Studies in low-resource settings have demonstrated
mHealth’s value in real-time task-sifting for oral cancer
screening, especially in remote communities. A multicentric
prospective study reported high accuracy for telediagnosis
employing an automated mHealth-enabled, dual-image device
as a point-of-care triaging tool in comparison with onsite
specialists (sensitivity:95%; specificity:84%), which will
empower CHWs for defining OPMD.59 A previous study has
reported enhanced compliance with workplace screening by
mobile health.61 Multi-centric study from Tamil Nadu re-
ported that mobile technology was user-friendly, inspires
CHW confidence, and decreases paper-based system time,
resources, and maintenance.62 The most effective mHealth
interventions are in settings where diagnostic and treatment
pathways are already established.

However, mHealth study from Tamil Nadu reported that
only 30.8% of screened-positive patients attended follow-up
and didn’t improve screening coverage.62 Poor network
coverage, remote specialist availability, turn-around time for
reporting, large data storage for image capturing to map the
entire oral cavity, and on-site infrastructure maintenance are
practical concerns. Data protection and security is essential
and India follows gold-standard norms. Data storage can be
reduced by taking images of the suspicious site and an ap-
parently normal-looking site. Advancements enabling onsite
cytology, biopsy, and telephonic reporting can be potential
solutions.

Screening Accuracy

In the Kerala and Karnataka studies, screening by trained
CHWs reported moderate sensitivity for detecting OPMD and
oral cancer (67.4% and 60%, respectively).5,59 Misclassifi-
cation in OVE is common due to heterogeneity of oral mu-
cosal lesions. Presence of oral epithelial dysplasia is the most
important risk factor for malignant transformation and can be
classified as “high-risk” (moderate-18%; severe-39%), and
“low-risk” (mild-6%).63,64 However, incisional biopsy is not
feasible in large-scale, high-risk populations. Hence, optical-
based adjuncts, vital staining, molecular markers, and cyto-
pathologic platforms as point-of-care tests can enhance
screening efficiency by aiding decisions about biopsy re-
quirements and reducing hospital referrals.29,59,65-75 (Table 1)

Poor Referral

The GOI has clearly defined referral pathways for screened
patients, yet they are poorly executed, resulting in 60-80% of
patients seeking first care in private settings.76 Poor access to
government hospitals also hampers diagnosis and treatment.
Current OPMD therapies also lack agreement. Patient navi-
gation programmes help improve referrals. Health and
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Table 1. Point of Care Diagnostics for Oral Cancer.

Name of the
Diagnostics Mechanism of Action Strengths Weakness

Optical imaging
Auto-Fluorescence
Imaging (AFI)

Detects the endogenous fluorophores
(NADH, FAD, Collagen Matrix, and
elastin), metabolic and morphologic
changes related to carcinogenesis

Non-invasive, practical, cost-
effective, high sensitivity (96%)

Low specificity (58%), false positivity in
rich microvascularity (inflammation),
false negativity in hyperkeratosis

Narrow Band
imaging (NBI)

An endoscopic imaging visualizing
neo- angiogenesis pattern in tissue
using illumination light within the
absorption spectrum of hemoglobin

Non-invasive, high accuracy in
detecting oral cancer
(sensitivity; 90-97%, specificity;
82-88%)

Lower sensitivity for dysplastic lesions
(31%), false positivity, subjective
pattern interpretation,
commercialization pending

Diffuse Reflectance
Spectroscopy
(DRS)

Capacity of diffuse reflectance spectral
data to discriminate normal tissue
from pre-malignant and cancerous
tissue

Non-invasive, high accuracy in
detecting oral cancer
(sensitivity; 98.6%, specificity;
83.2%) and dysplasia (sensitivity;
79%, specificity; 86%)

Longer acquisition times owing to
limitation in scanning speed,
commercialization pending

High Resolution
Microendoscopy
(HRME)

Visualization of light emitted by
superficially applied fluorophores
utilising a fiber-optic probe in direct
contact with suspected tissue

Non-invasive, High accuracy in
detecting oral cancer
(sensitivity; 84%, specificity;
71%)

Low sensitivity in case of mild dysplasia
(65%), commercialization pending,
limited field review

Raman
Spectroscopy
(RS)

Visualization of the ‘molecular
fingerprint’ (ie, variations of
chemical components) of a tissue
using vibrational spectroscopic
technique

Non-invasive, high sensitivity (89%)
and specificity (84%)

Dependence on visualization of
morphological or structural lesions,
commercialization pending, too large
for routine clinics, time consuming

Vital staining
Toluidine blue
staining

Conventional tissue staining technique
that stains dysplastic or cancerous
cells with an increased or abnormal
DNA content

High sensitivity (92.6%) Low specificity (67.9%)

Lugol’s iodine
staining

Conventional tissue staining technique
that results in no or pale staining for
dysplastic or cancerous lesion,
while the surrounding normal tissue
appears brown in colour

Useful when selecting target sites
for biopsy prior to treatment
when there is a wide field of
lesions

The stain is not picked up by
orthokeratinized epithelium of hard
palate

Oral cytology
Exfoliative cytology Collecting cells from oral mucosa by

scrapping, brushing, or rinsing using
a tongue blade or brush

Less invasive, highest accuracy
among adjuncts (sensitivity, 92%
and specificity 94%)

High false positive rates, delayed
reporting, time consuming, costly

The oral brush
biopsy

Minimally invasive brush biopsy
coupled with an artificial
intelligence aided tissue analysis

Less invasive, higher sensitivity (55-
100%)

Lower specificity (23.5-100%)
Delayed reporting, time consuming,
costly

Biomarkers
DNA methylation
biomarkers

Measuring the methylation status of
PAX1 and ZNF582 enables the
detection of oral precancerous
lesions and oral malignancies

Sensitivity and specificity of PAX1;
72% and 86% for mild dysplasia
and ZNF582 methylation; 85%,
87% for moderate dysplasia
respectively

Clinical translation is lengthy and
expensive, not cost-effective, lacking
lab facilities

miRNA biomarkers miR-21, miR-155, miR-191 and miR-
221 overexpression enables
detection of oral carcinogenesis

High screening accuracy (about
92%)

Presently not cost-effective and lacking
lab facilities. Ongoing research to
expand as low cost PoC

mRNA biomarkers mRNA biomarkers such as OAZ1, SAT
and DUSP1 have increased
expression levels in cancerous tissues

High sensitivity (92%) and
specificity (86%)

Limited research for reliability and
validity, not cost-effective, lacking lab
facilities

Protein biomarkers CD44 is a tumor-initiating biomarker
and its overexpression is found in
many malignancies, including oral
cancer

High sensitivity (ranging from 71%
to 84%)

Low specificity (ranging from 30% to
50%), not cost-effective, lacking lab
facilities

Shruti et al. 5



wellness centres at the district and block levels will improve
screening reach. National Cancer Grid can be instrumental in
standardising guidelines for OPMD management.77

Opportunities for Early Detection

Opportunistic Screening

Non-tobacco oral malignancies, especially tongue cancers in
women, are emerging. The most prevalent HPV subtypes re-
ported in head and neck malignancy studies from India are 16
and 18.78 Wide variations in HPV prevalence in head and neck
cancer tissues have been observed with higher prevalence in
southern region (Trivandrum; 74%,79 Dharwad;80 70.6%,
Chennai;81 51.9%), followed by eastern region (Kolkata;82 69%,
Cuttack;83 33.6%), northern region (Prayagraj;84 32%, New
Delhi;28,85 23-28%), north-eastern region (Guwahati;86 31.1%),
central region (Sevagram;87 27.7%), western region (Mumbai;88

27.2%). Oropharyngeal cancers caused by HPV 16 and 18 are
aggressive.89 HIV and HPV have similar modes of sexual
transmission. Therefore, integrated testing and anti-retroviral
treatment centres (ICTC/ART) are important oral cancer
screening opportunities.90,91 The health care providers trained for
both the periodontal assessment for non-canonical pathologies
and oral cancer screening along with appropriate referral and
management will improve the screening coverage and outcomes.

Oral Potentially Malignant Disorders Registry

In India, the prevalence of OPMD ranged from 2.79 to 51.21%,
and leukoplakia attributed to 17-35% of oral malignancies.92 The
National Cancer Registry Program (NCRP; 1981) under the
auspices of the Indian Council of Medical Research (ICMR), has
236 hospital-based cancer registries (HBCR) and 36 population-
based cancer registries (PBCR). However, the PBCR coverage is
only 10% (just .1% in the rural population).93 NCRP Report
(2020) recommends linking cancer registries to Ayushman
Bharat, other insurance schemes, mortality databases, and health
management information systems at the national and local levels
to improve cancer statistics and surveillance.2,94 However, they
need to be standardized following the national digital health
blueprint to make them integrated and interoperable.95 These
registries can be a critical part of the surveillance strategy for
identifying OPMD malignant transformation and early detection
of oral cancer.

Learning From Other Countries

Taiwan is the only country with a nationwide high-risk cancer
screening programme95 while Spain is educating its workforce
on oral cancer screening.54 Japan has integrated cancer screening
into general health screening.96 Thailand is the first Asian
country to introduce plain packaging, ban single-cigarette sales,
and impose heavy taxation.97 Adopting these strategies in India

can improve the early detection of oral cancer and risk factor
prevention.

Conclusion

India’s lagging oral cancer detection requires a multipronged
solution. Improving health literacy will increase community
cancer screening self-efficacy. Developing a high-risk to-
bacco user prediction model for preferential screening, using
mobile technology and point-of-care techniques, high-grade
OPMD surveillance, deploying mobile screening units to
villages, integrating oral cancer screening into general health
care, conducting opportunistic screening at strategic high-
risk sites like workplaces and de-addiction centres, and
strengthening education for oral cancer detection for all
caregivers through a standardised e-learning platform will
boost early detection. Empowering communities through
active involvement, health autonomy, supportive supervi-
sion, and remuneration is critical to a sustainable screening
programme.

Appendix

Abbreviations

OVE Oral Visual Examination
SLT Smoke-Less Tobacco
KOCST Kerala Oral Cancer Screening Trial
CHWs Community Health Workers
SCI State Cancer Institutes
UTs Union Territories
TCCC Tertiary Care Cancer Centres
CBAC Community-Based Assessment Checklist
GOI Government Of India
WHO World Health Organization
NFHS-5 National Family Health Survey-5
OPMD Oral Pre-Malignant Disorders
HPV Human Papillomavirus
HIV Human Immunodeficiency Virus
ICTC/ART Integrated Counselling and Testing Centre/

Anti-Retroviral Treatment

Author’s Note

All authors declare that they have read the manuscript and believe
that the manuscript represents honest work.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

6 Cancer Control



ORCID iDs

Divya Khanna  https://orcid.org/0000-0001-7856-8059
Anupama Shetty  https://orcid.org/0000-0002-1033-2848

References

1. Cheung LC, Ramadas K, Muwonge R, et al. Risk-based se-
lection of individuals for oral cancer screening. J Clin Oncol.
2021;39(6):663-674. doi:10.1200/JCO.20.02855

2. Mathur P, Sathishkumar K, Chaturvedi M, et al. Cancer sta-
tistics, 2020: Report from national cancer registry programme,
India. JCO Glob Oncol. 2020;6:1063-1075. doi:10.1200/go.20.
00122

3. Dikshit R, Gupta PC, Ramasundarahettige C, et al. Cancer
mortality in India: a nationally representative survey. Lancet.
2012;379(9828):1807-1816. doi:10.1016/s0140-6736(12)
60358-4

4. Gupta AK, Kanaan M, Siddiqi K, Sinha DN, Mehrotra R. Oral
cancer risk assessment for different type of smokeless tobacco
products sold worldwide: A review of reviews and meta-ana-
lyses. Cancer Prev Res. 2022;15(11):733-746. doi:10.1158/
1940-6207.CAPR-21-0567

5. Sankaranarayanan R, Ramadas K, Thara S, et al. Long term
effect of visual screening on oral cancer incidence and mortality
in a randomized trial in Kerala, India. Oral Oncol. 2013;49(4):
314-321. doi:10.1016/j.oraloncology.2012.11.004

6. Ministry of Health and Family welfare, Government of India.
Operational Framework Management of Common Cancers.
2016. https://main.mohfw.gov.in/sites/default/files/Operational/
Framework/Management/of/Common/Cancers_1.pdf. Accessed
December 30, 2022.

7. International Institute for Population Sciences (IIPS) and ICF.
National Family Health Survey (NFHS - 5), 2019–21.India.
Available: https://dhsprogram.com/pubs/pdf/FR375/FR375.pdf

8. Nandakumar A. Survival in head and neck cancers-results of a
multi-institution study. Asian Pac J Cancer Prev. 2016;17(4):
1745-1754. doi:10.7314/apjcp.2016.17.4.1745

9. Singh AG, Chaukar D, Gupta S, et al. A prospective study to
determine the cost of illness for oral cancer in India. Ecancer-
medicalscience. 2021;15:1252. doi:10.3332/ecancer.2021.1252

10. Ministry of Health and Family welfare, Government of India.
India’s journey towards Universal Health Coverage. https://
nhm.gov.in/WriteReadData/l892s/84141587321570098109.
pdf. Accessed December 30, 2022.

11. Ministry of Health and Family welfare, Government of India.
“Community based assessment checklist (CBAC) form for early
detection of NCDs and tuberculosis (TB)” 2018. https://abhwc.nhp.
gov.in/download/document/b793163e3b2e8537ac8af83effb7bfd0.
pdf. Accessed December 30, 2022.

12. Ministry of Health and Family welfare, Government of India.
Operational guidelines; oral health care at health and wellness
centres (part of comprehensive Primary Health Care). 2020.
https://abhwc.nhp.gov.in/download/document/Operational_
Guidelines_for_Oral_Health_Care_at_HWCs__2020_.pdf.
Accessed December 30, 2022.

13. Ministry of Health and Family welfare, Government of India.
Operational Guidelines; Palliative care at Health and Wellness
Centres (part of comprehensive Primary Health Care). https://
nhsrcindia.org/sites/default/files/2021-06/Operational/
Guidelines/for/Palliative/Care/at/HWC.pdf?utm_medium=
email&utm_source=transaction. Accessed December 30, 2022.

14. Changkun Z, Bishwajit G, Ji L, Tang S. Sociodemographic
correlates of cervix, breast and oral cancer screening among
Indian women. PLoS One. 2022;17(5):e0265881. doi:10.1371/
journal.pone.0265881

15. Yu AJ, Choi JS, Swanson MS, et al. Association of race/
ethnicity, stage, and survival in oral cavity squamous cell carci-
noma: A SEER study. OTO open. 2019;3(4):2473974X19891126.
doi:10.1177/2473974x19891126

16. Mahal DG, Matsoukas IG. The geographic origins of ethnic
groups in the Indian subcontinent: exploring ancient footprints
with Y-DNA haplogroups. Front Genet. 2018;9:4. doi:10.3389/
fgene.2018.00004

17. Mishra R. An epidemiological study of cervical and breast
screening in India: District-level analysis. BMC Wom Health.
2020;20(1):225-235. doi:10.1186/s12905-020-01083-6

18. Das S, Patro KC. Cancer care in the rural areas of India: A
firsthand experience of a clinical oncologist and review of lit-
eratures. J Cancer Res Ther. 2010;6(3):299-303. doi:10.4103/
0973-1482.73369

19. Kedar A, John A, Goala S, et al. Barriers and facilitators in
implementing population based common cancer screening
through community health workers. Ecancermedicalscience.
2021;15:1277. doi:10.3332/ecancer.2021.1277

20. Iocca O, Sollecito TP, Alawi F, et al. Potentially malignant
disorders of the oral cavity and oral dysplasia: A systematic
review and meta-analysis of malignant transformation rate by
subtype. Head Neck. 2020;42(3):539-555. doi:10.1002/hed.
26006

21. Bouvard V, Nethan ST, Singh D, et al. IARC perspective on oral
cancer prevention.N Engl J Med. 2022;387(21):1999-2005. doi:
10.1056/nejmsr2210097

22. Marron M, Boffetta P, Zhang Z-F, et al. Cessation of alcohol
drinking, tobacco smoking and the reversal of head and neck cancer
risk. Int J Epidemiol. 2010;39:182-196. doi:10.1093/ije/dyp291

23. Gupta R, Mariano LC, Nethan ST, et al. Risk reversal of oral,
pharyngeal and oesophageal cancers after cessation of betel quid
users: A systematic review and meta-analysis. Ann Glob Health.
2022;88:5. doi:10.5334/aogh.3643

24. Warnakulasuriya S. Oral potentially malignant disorders: A com-
prehensive review on clinical aspects and management. Oral Oncol.
2020;102:104550. doi:10.1016/j.oraloncology.2019.104550

25. Papadimitriou N, Markozannes G, Kanellopoulou A, et al. An
umbrella review of the evidence associating diet and cancer risk
at 11 anatomical sites. Nat Commun. 2021;12(1):4579-4580.
doi:10.1038/s41467-021-24861-8

26. Mathur R, Singhavi HR, Malik A, Nair S, Chaturvedi P. Role of
poor oral hygiene in causation of oral cancer—a review of
literature. Indian J Surg Oncol. 2019;10(1):184-195. doi:10.
1007/s13193-018-0836-5

Shruti et al. 7

https://orcid.org/0000-0001-7856-8059
https://orcid.org/0000-0001-7856-8059
https://orcid.org/0000-0002-1033-2848
https://orcid.org/0000-0002-1033-2848
https://doi.org/10.1200/JCO.20.02855
https://doi.org/10.1200/go.20.00122
https://doi.org/10.1200/go.20.00122
https://doi.org/10.1016/s0140-6736(12)60358-4
https://doi.org/10.1016/s0140-6736(12)60358-4
https://doi.org/10.1158/1940-6207.CAPR-21-0567
https://doi.org/10.1158/1940-6207.CAPR-21-0567
https://doi.org/10.1016/j.oraloncology.2012.11.004
https://main.mohfw.gov.in/sites/default/files/Operational/Framework/Management/of/Common/Cancers_1.pdf
https://main.mohfw.gov.in/sites/default/files/Operational/Framework/Management/of/Common/Cancers_1.pdf
https://dhsprogram.com/pubs/pdf/FR375/FR375.pdf
https://doi.org/10.7314/apjcp.2016.17.4.1745
https://doi.org/10.3332/ecancer.2021.1252
https://nhm.gov.in/WriteReadData/l892s/84141587321570098109.pdf
https://nhm.gov.in/WriteReadData/l892s/84141587321570098109.pdf
https://nhm.gov.in/WriteReadData/l892s/84141587321570098109.pdf
https://abhwc.nhp.gov.in/download/document/b793163e3b2e8537ac8af83effb7bfd0.pdf
https://abhwc.nhp.gov.in/download/document/b793163e3b2e8537ac8af83effb7bfd0.pdf
https://abhwc.nhp.gov.in/download/document/b793163e3b2e8537ac8af83effb7bfd0.pdf
https://abhwc.nhp.gov.in/download/document/Operational_Guidelines_for_Oral_Health_Care_at_HWCs__2020_.pdf
https://abhwc.nhp.gov.in/download/document/Operational_Guidelines_for_Oral_Health_Care_at_HWCs__2020_.pdf
https://nhsrcindia.org/sites/default/files/2021-06/Operational/Guidelines/for/Palliative/Care/at/HWC.pdf?utm_medium=email&utm_source=transaction
https://nhsrcindia.org/sites/default/files/2021-06/Operational/Guidelines/for/Palliative/Care/at/HWC.pdf?utm_medium=email&utm_source=transaction
https://nhsrcindia.org/sites/default/files/2021-06/Operational/Guidelines/for/Palliative/Care/at/HWC.pdf?utm_medium=email&utm_source=transaction
https://nhsrcindia.org/sites/default/files/2021-06/Operational/Guidelines/for/Palliative/Care/at/HWC.pdf?utm_medium=email&utm_source=transaction
https://doi.org/10.1371/journal.pone.0265881
https://doi.org/10.1371/journal.pone.0265881
https://doi.org/10.1177/2473974x19891126
https://doi.org/10.3389/fgene.2018.00004
https://doi.org/10.3389/fgene.2018.00004
https://doi.org/10.1186/s12905-020-01083-6
https://doi.org/10.4103/0973-1482.73369
https://doi.org/10.4103/0973-1482.73369
https://doi.org/10.3332/ecancer.2021.1277
https://doi.org/10.1002/hed.26006
https://doi.org/10.1002/hed.26006
https://doi.org/10.1056/nejmsr2210097
https://doi.org/10.1093/ije/dyp291
https://doi.org/10.5334/aogh.3643
https://doi.org/10.1016/j.oraloncology.2019.104550
https://doi.org/10.1038/s41467-021-24861-8
https://doi.org/10.1007/s13193-018-0836-5
https://doi.org/10.1007/s13193-018-0836-5


27. Gupta AA, Kheur S, Varadarajan S, et al. Chronic mechanical
irritation and oral squamous cell carcinoma: A systematic re-
view and meta-analysis. Bosn J Basic Med Sci. 2021;21(6):
647-658. doi:10.17305/bjbms.2021.5577

28. Verma G, Aggarwal N, Chhakara S, et al. Detection of human
papillomavirus infection in oral cancers reported at dental fa-
cility: Assessing the utility of FFPE tissues. Med Oncol. 2021;
39(1):13-16. doi:10.1007/s12032-021-01608-5

29. Bouaoud J, Bossi P, Elkabets M, et al. Unmet needs and per-
spectives in oral cancer prevention. Cancers. 2022;14(7):1815.
doi:10.3390/cancers14071815

30. Sarode GS, Batra A, Sarode SC, Yerawadekar S, Patil S. Oral
cancer-related inherited cancer syndromes: A comprehensive
review. J Contemp Dent Pract. 2016;17(6):504-510. doi:10.
5005/jp-journals-10024-1880

31. Callahan N, Hattar M, Barbour T, Adami GR, Kawar N. Oral
microbial taxa associated with risk for SARS-CoV-2 infection.
Front Oral Health. 2022;3:886341. doi:10.3389/froh.2022.
886341

32. Chawla RM, Mitra P, Shetiya SH, Agarwal DR, Narayana DS,
Bomble N. Knowledge, attitude, and practice of women in slums
of Pimpri, Chinchwad, Pune, Maharashtra, India, regarding
usage of Mishri. J Contemp Dent Pract. 2017;18(3):218-221.
doi:10.5005/jp-journals-10024-2020

33. Chatterjee N, Gupte HA, Mandal G. A qualitative study of
perceptions and practices related to areca nut use among ado-
lescents in Mumbai, India. Nicotine Tob Res. 2021;23(10):
1793-1800. doi:10.1093/ntr/ntab067

34. Baccolini V, Isonne C, Salerno C, et al. The association between
adherence to cancer screening programs and health literacy: A
systematic review and meta-analysis. Prev Med. 2022;155:
106927. doi:10.1016/j.ypmed.2021.106927

35. Tata Institute of Social Sciences (TISS). Mumbai and Ministry
of Health and Family Welfare, Government of India. Global
Adult Tobacco Survey, GATS-2 India 2016-17 [Internet]. 2018.
Available: https://ntcp.nhp.gov.in/assets/document/surveys-
reports-publications/Global-Adult-Tobacco-Survey-Second-
Round-India-2016-2017.pdf

36. Ayyappa G, Kunte R, Yadav AK, Basannar DR. Is occupation
the “driving force” for tobacco consumption? A cross-sectional
study to assess prevalence, patterns, and attitude towards to-
bacco use among long-distance bus drivers and conductors in
Western Maharashtra. Ind Psychiatry J. 2019;28(2):237-241.
doi:10.4103/ipj.ipj_72_20

37. Hasan MZ, Cohen JE, Bishai D, et al. Social capital and peer
influence of tobacco consumption: A cross-sectional study among
household heads in rural Uttar Pradesh, India. BMJ Open. 2020;
10(6):e037202. doi:10.1136/bmjopen-2020-037202

38. World Health Organization. WHO report on the global tobacco
epidemic, 2019: Offer help to quit tobacco use. 2019. Available:
https://www.who.int/publications/i/item/9789241516204

39. World Health Organization. WHO report on the global tobacco
epidemic, 2021: Addressing new and emerging products. 2021.
Available: https: / /www.who.int/publications/i / i tem/
9789240032095

40. Singhavi HR, Singh A, Chaturvedi P. Smokeless Tobacco and
Its Ill-Effects: Recent Literature Update. Indian J Med Paediatr
Oncol. 2021;42:486-490. doi:10.1055/s-0041-1735598

41. Adhikari K, Pednekar MS, Stepanov I, et al. Observed circum-
vention of the gutka smokeless tobacco ban in Mumbai, India. Tob
Regul Sci. 2020;6(5):331-335. doi:10.18001/TRS.6.5.3

42. Gupta B, Bray F, Kumar N, Johnson NW. Associations between
oral hygiene habits, diet, tobacco and alcohol and risk of oral
cancer: A case-control study from India. Cancer Epidemiol.
2017;51:7-14. doi:10.1016/j.canep.2017.09.003

43. Ministry of Health and Family welfare, Government of India. Draft
National Oral Health Policy (An extension of the National Health
Policy 2017). 2021. https://main.mohfw.gov.in/sites/default/files/
N_56820_1613385504626.pdf. Accessed September 29, 2022.

44. Rastogi A, Manthey J, Wiemker V, Probst C. Alcohol con-
sumption in India: A systematic review and modelling study for
sub-national estimates of drinking patterns. Addiction. 2022;
117(7):1871-1886. doi: 10.1111/add.15777

45. Gururaj G, Gautham MS, Arvind BA. Alcohol consumption in
India: A rising burden and a fractured response. Drug Alcohol
Rev. 2021;40(3):368-384. doi:10.3390/nu13103317

46. Beeken RJ, Simon AE, von Wagner C, Whitaker KL, Wardle J.
Cancer fatalism: Deterring early presentation and increasing
social inequalities? Cancer Epidemiol Biomarkers Prev. 2011;
20(10):2127-2131. doi:10.1158/1055-9965.EPI-11-0437

47. Toralla O, Lopez Jornet P, Pons-Fuster E. The effect of an in-
formative video upon anxiety and stress in patients requiring an
oral biopsy: A randomized controlled study. Int J Environ Res
Public Health. 2022;19(2):783. doi:10.3390/ijerph19020783

48. Kaur L, Sharma S, Kaur A. Fatalism and stigma amongst cancer
patients in south western Punjab. Environ Conserv J. 2021;
22(3):375-386. doi:10.36953/ECJ.2021.22343

49. Shet N, Qadiri GJ, Saldanha S, Kanalli G, Sharma P. Awareness and
attitude regarding health insurance among insured and non-insured:
A cross sectional study. Int J Community Med Public Health. 2019;
6(9):4071-4076. doi:10.18203/2394-6040.ijcmph20194019

50. Carrera PM, Kantarjian HM, Blinder VS. The financial burden
and distress of patients with cancer: understanding and stepping-
up action on the financial toxicity of cancer treatment. CA
Cancer J Clin. 2018;68(2):153-165. doi:10.3322/caac.21443

51. Singh K, Kondal D, Mohan S, et al. Health, psychosocial, and
economic impacts of the COVID-19 pandemic on people with
chronic conditions in India: a mixed methods study. BMC Publ
Health. 2021;21(1):685-715. doi:10.1186/s12889-021-10708-w

52. Ministry of Health and Family welfare. Government of India
“National Health Mission Free Diagnostics Service Initiative”.
2019. https://nhm.gov.in/New_Updates_2018/NHM_
Components/Health_System_Stregthening/Comprehensive_
primary_health_care/letter/Guidance_document_for_Free_
Laboratory_Services.pdf. Accessed December 30, 2022.

53. Ministry of Health and Family welfare, Government of India.
National Health Authority Revises Health Benefit Package of
Ayushman Bharat PM-JAY. 2021. https://pib.gov.in/
PressReleaseIframePage.aspx?PRID=1761175. Accessed De-
cember 30, 2022.

8 Cancer Control

https://doi.org/10.17305/bjbms.2021.5577
https://doi.org/10.1007/s12032-021-01608-5
https://doi.org/10.3390/cancers14071815
https://doi.org/10.5005/jp-journals-10024-1880
https://doi.org/10.5005/jp-journals-10024-1880
https://doi.org/10.3389/froh.2022.886341
https://doi.org/10.3389/froh.2022.886341
https://doi.org/10.5005/jp-journals-10024-2020
https://doi.org/10.1093/ntr/ntab067
https://doi.org/10.1016/j.ypmed.2021.106927
https://ntcp.nhp.gov.in/assets/document/surveys-reports-publications/Global-Adult-Tobacco-Survey-Second-Round-India-2016-2017.pdf
https://ntcp.nhp.gov.in/assets/document/surveys-reports-publications/Global-Adult-Tobacco-Survey-Second-Round-India-2016-2017.pdf
https://ntcp.nhp.gov.in/assets/document/surveys-reports-publications/Global-Adult-Tobacco-Survey-Second-Round-India-2016-2017.pdf
https://doi.org/10.4103/ipj.ipj_72_20
https://doi.org/10.1136/bmjopen-2020-037202
https://www.who.int/publications/i/item/9789241516204
https://www.who.int/publications/i/item/9789240032095
https://www.who.int/publications/i/item/9789240032095
https://doi.org/10.1055/s-0041-1735598
https://doi.org/10.18001/TRS.6.5.3
https://doi.org/10.1016/j.canep.2017.09.003
https://main.mohfw.gov.in/sites/default/files/N_56820_1613385504626.pdf
https://main.mohfw.gov.in/sites/default/files/N_56820_1613385504626.pdf
https://doi.org/10.1111/add.15777
https://doi.org/10.3390/nu13103317
https://doi.org/10.1158/1055-9965.EPI-11-0437
https://doi.org/10.3390/ijerph19020783
https://doi.org/10.36953/ECJ.2021.22343
https://doi.org/10.18203/2394-6040.ijcmph20194019
https://doi.org/10.3322/caac.21443
https://doi.org/10.1186/s12889-021-10708-w
https://nhm.gov.in/New_Updates_2018/NHM_Components/Health_System_Stregthening/Comprehensive_primary_health_care/letter/Guidance_document_for_Free_Laboratory_Services.pdf
https://nhm.gov.in/New_Updates_2018/NHM_Components/Health_System_Stregthening/Comprehensive_primary_health_care/letter/Guidance_document_for_Free_Laboratory_Services.pdf
https://nhm.gov.in/New_Updates_2018/NHM_Components/Health_System_Stregthening/Comprehensive_primary_health_care/letter/Guidance_document_for_Free_Laboratory_Services.pdf
https://nhm.gov.in/New_Updates_2018/NHM_Components/Health_System_Stregthening/Comprehensive_primary_health_care/letter/Guidance_document_for_Free_Laboratory_Services.pdf
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1761175
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1761175


54. Warnakulasuriya S, Kerr AR. Oral cancer screening: Past,
present, and future. J Dent Res. 2021;100(12):1313-1320. doi:
10.1177/00220345211014795

55. Gulia S, Sengar M, Badwe R, Gupta S. National cancer control
programme in India: Proposal for organization of chemotherapy
and systemic therapy services. J Glob Oncol. 2017;3(3):
271-274. doi:10.1200/JGO.2015.001818

56. Ministry of Health and Family Welfare, Government of India.
Tertiary Care Cancer Centers. Press Information Bureau.
https://pib.gov.in/Pressreleaseshare.aspx?PRID=155762. Ac-
cessed August 20, 2022.

57. www.ETHealthworld.com. Boosting India’s Digital Health Infra-
structure: Ayushman Bharat Digital Health Mission - Health Files
by Dr. Azad Moopen | ET HealthWorld. ETHealthworld.com.
https://health.economictimes.indiatimes.com/health-files/boosting-
india-s-digital-health-infrastructure-ayushman-bharat-digital-
health-mission/5116. Accessed April 25, 2022.

58. Diamanti N, Duxbury AJ, Ariyaratnam S, Macfarlane TV.
Attitudes to biopsy procedures in general dental practice. Br
Dent J. 2002;192(10):588-592. doi:10.1038/sj.bdj.4801434

59. Birur N P, Song B, Sunny SP, et al. Field validation of deep
learning based Point-of-Care device for early detection of oral
malignant and potentially malignant disorders. Sci Rep. 2022;
12(1):14283-14311. doi:10.1038/s41598-022-18249-x

60. D’Cruz AK, Vaish R. Risk-based oral cancer screening—
lessons to be learnt. Nat Rev Clin Oncol. 2021;18(8):
471-472. doi:10.1038/s41571-021-00511-2

61. Birur NP, Gurushanth K, Patrick S, et al. Role of community
health worker in a mobile health program for early detection of
oral cancer. Indian J Cancer. 2019;56(2):107-113. doi:10.4103/
ijc.IJC_232_18

62. Bhatt S, Isaac R, Finkel M, et al. Mobile technology and cancer
screening: Lessons from rural India. J Glob Health. 2018;8(2):
020421. doi:10.7189/jogh.08.020421

63. Ranganathan K, Kavitha L. Oral epithelial dysplasia: Classifi-
cations and clinical relevance in risk assessment of oral po-
tentially malignant disorders. J Oral Maxillofac Pathol. 2019;
23(1):19-27. doi:10.4103/jomfp.jomfp_13_19

64. Sperandio M, Brown AL, Lock C, et al. Predictive value of
dysplasia grading and DNA ploidy in malignant transformation
of oral potentially malignant disorders. Cancer Prev Res. 2013;
6(8):822-831. doi:10.1158/1940-6207.capr-13-0001

65. Mendonca P, Sunny SP, Mohan U, Birur N P, Suresh A,
Kuriakose MA. Non-invasive imaging of oral potentially ma-
lignant and malignant lesions: A systematic review and meta-
analysis. Oral Oncol. 2022;130:105877. doi:10.1016/j.
oraloncology.2022.105877

66. Su YF, Chen YJ, Tsai FT, et al. Current insights into oral cancer
diagnostics. Diagnostics. 2021;11(7):1287. doi:10.3390/
diagnostics11071287

67. Lima IFP, Brand LM, de Figueiredo JAP, Steier L, Lamers ML.
Use of autofluorescence and fluorescent probes as a potential
diagnostic tool for oral cancer: A systematic review. Photo-
diagnosis Photodyn Ther. 2021;33:102073. doi:10.1016/j.
pdpdt.2020.102073

68. Han R, Lin N, Huang J, Ma X. Diagnostic accuracy of Raman
spectroscopy in oral squamous cell carcinoma. Front Oncol.
2022;12:925032. doi:10.3389/fonc.2022.925032

69. Lingen MW, Tampi MP, Urquhart O, et al. Adjuncts for the
evaluation of potentially malignant disorders in the oral cavity:
Diagnostic test accuracy systematic review and meta-analysis—
a report of the American Dental Association. J Am Dent Assoc.
2017;148(11):797-813. doi:10.1016/j.adaj.2017.08.045

70. Locke WJ, Guanzon D, Ma C, et al. DNA methylation cancer
biomarkers: Translation to the clinic. Front Genet. 2019;10:
1150. doi:10.3389/fgene.2019.01150

71. Oh SY, Kang SM, Kang SH, et al. Potential salivary mRNA
biomarkers for early detection of oral cancer. J Clin Med. 2020;
9(1):243. doi:10.3390/jcm9010243

72. H Alsarraf A, Kujan O, Farah CS. The utility of oral brush
cytology in the early detection of oral cancer and oral potentially
malignant disorders: A systematic review. J Oral Pathol Med.
2018;47(2):104-116. doi:10.1111/jop.12660

73. Adami GR, Tang JL, Markiewicz MR. Improving accuracy of
RNA-based diagnosis and prognosis of oral cancer by using
noninvasive methods. Oral Oncol. 2017;69:62-67. doi:10.1016/
j.oraloncology.2017.04.001

74. Cancer Genome Atlas Network. Comprehensive genomic
characterization of head and neck squamous cell carcinomas.
Nature. 2015;517(7536):576-582. doi:10.1038/nature14129
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