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Abstract 
Objective To evaluate oral cancer screening by visual inspection.  
Methods A cluster randomized controlled trial was initiated in Trivandrum district, 
Kerala, India. Of 13 population clusters, seven were randomly allocated to three 
rounds of screening between 1996 and 2004, while standard care was provided 
in six (control arm). An activity-based approach was employed to calculate costs 
associated with various components of the screening trial. Information on the 
resources used and on clinical events in each trial arm were derived from trial 
databases. Total costs for each cluster were estimated in 2004 United States 
dollars (US$). The incremental cost per life-year saved was calculated for all 
eligible individuals and for high-risk individuals (i.e. tobacco or alcohol users). 
Findings The proportion of oral cancers detected at an early stage (i.e. stage I or 
II) was higher in the intervention arm than the control arm (42% versus 24%, 
respectively). The incremental cost per life-year saved was US$ 835 for all 
individuals eligible for screening and US$ 156 for high-risk individuals. Oral 
cancer screening by visual inspection was performed for under US$ 6 per 
person. 
Conclusion The most cost-effective approach to oral cancer screening by visual 
inspection is to offer it to the high-risk population. Targeted screening of this 
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group will ensure that screening can be offered at a reasonable cost in a limited-
resource setting. 

Background 
Oral cancer is a major health problem in certain parts of the world. Globally, there are 

around 270 000 new cases annually and 145 000 deaths, of which two-thirds occur in 

developing countries.1 The Indian subcontinent accounts for one-third of the world 

burden. Oral cancer is the most common form of cancer and accounts for much cancer-

related death among men in India. The main risk factors for developing oral cancer are 

tobacco and alcohol use.2,3 The detection of small, early-stage oral cancer has been 

shown to lead to significantly reduced mortality and morbidity.4 

Low- and middle-income countries have limited health-care resources available 

for cancer screening and it is therefore critical that costs and benefits are assessed and 

that the most cost-effective approach is identified. The cost-effectiveness analyses of oral 

cancer screening performed to date have provided estimates for high-income countries 

that are not generalizable to settings where resources are limited.5,6 In addition, these 

studies have used decision-analysis models in which there was considerable uncertainty 

in parameter values. For instance, no reliable data are available on the malignant 

transformation rate or on disease progression. The results obtained using these models 

may, therefore, not be accurate and many authors acknowledge the need for additional 

clinical studies to provide better estimates of the parameters used.6 

In this study, the cost-effectiveness of visual inspection in oral cancer screening in 

a limited-resource setting was determined using data from a randomized controlled trial 

performed in a number of population clusters in the Trivandrum district of Kerala in 

southern India. The screening trial was initiated in 1996 and results for the 9-year period 

up to 2004 have been published previously.7 Of the 13 clusters (i.e. panchayaths or 

municipal administrative units) included in the study, seven were randomly allocated to 

take part in three rounds of oral visual inspection by trained health-care workers, while 

six received standard care and educational messages and served as a control arm. All 

healthy individuals aged 35 years and older were eligible for inclusion in the study. 

Visual screening was performed by university graduates in non-medical subjects. These 

individuals received training on how to perform oral visual inspections, how to identify 
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lesions that could be precancerous and how to detect oral cancer. A previous study had 

shown that the sensitivity and specificity of oral visual inspection by health-care workers 

were 94.3% and 99.3%, respectively, and that there was a very high level of agreement 

between the findings of health-care workers and physicians.8 

Results for the time after the initial 9-year trial period (i.e. 1996–2004) are not yet 

available and we have, therefore, limited the cost-effectiveness analysis to the period 

covered by the trial. The results of comparisons between intervention and control arms 

are reported in terms of the number of oral cancers detected and the number of life-years 

saved by screening. We estimated the costs of the screening programme (for example, for 

recruiting health-care workers and screening individuals), of diagnosing and treating the 

oral cancers detected, and of research activities. In addition, we estimated the cost from a 

societal perspective by including the cost to the patient of the time spent undergoing 

diagnosis and treatment. It is important that social costs are assessed, since the true 

burden of screening goes beyond that associated with the health-care system and should 

include, for instance, loss of income during the time spent undergoing screening. 

Methods 
The design of the cluster randomized controlled trial, the visual screening method used, 

compliance with screening, and cancer detection and mortality rates have been described 

in detail elsewhere.7 The study protocol was reviewed and approved by the scientific and 

ethics review committees of the Regional Cancer Center, Trivandrum, India, and the 

International Agency for Research on Cancer, Lyon, France. Information on participant 

demographics, screening performed and the number of events in each study arm was 

obtained from the clinical trial database. A high-risk individual was defined as one who 

used either alcohol or tobacco or both. 

An activity-based approach was used to calculate the costs associated with the 

various components of the programme.9 Activity-based costs are derived by assigning the 

costs of the resources used to specific activities involved in implementing the screening 

programme. These programme activities included recruitment or invitation of screening 

participants, screening, data collection, research, and management and administration. 

Data on all the resources used were obtained from the financial database maintained by 
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the screening programme. Details of the staff employed by the programme and of the 

equipment and supplies purchased were also obtained from the database. The costs of 

staffing, equipment, consumables and travel were allocated to key programme activities 

on the basis of the expenditure incurred for each activity. The accuracy of the cost 

allocations made was verified by consulting financial records and programme staff. 

Indirect costs and the costs of overheads for programme activities were also obtained so 

that the total cost could be accurately determined. In addition, the costs of biopsies and 

treatment were derived from the information contained in the programme financial 

database and hospital records at the Regional Cancer Center in Trivandrum, where the 

majority of patients were treated. The costs incurred for diagnostic tests and treatment 

were determined for participants who underwent procedures at the Regional Cancer 

Center. For those who were treated elsewhere, the cost of a procedure was estimated by 

using an average cost for each treatment stage, which was obtained from the Regional 

Cancer Center. All costs are reported in 2004 United States dollars (US$).10 

Although the screening programme was embedded within a clinical trial, many of 

the costs incurred are relevant for implementing similar programmes in the real world. 

For instance, the costs of training, recruitment and screening are all essential components 

of any programme. Costs will also be incurred for data collection, although data 

requirements will probably be less burdensome outside of the context of a screening trial. 

The costs of research activities were directly related to the clinical trial and we have 

therefore reported those costs separately. The cost of a patient’s time was estimated from 

the time spent undergoing diagnostic tests and receiving treatment. We used an average 

daily wage of 200 Indian rupees (approximately US$ 5.00) to estimate the wages lost. 

This estimate was based on information provided by programme staff on the earnings of 

male workers in both formal and informal sectors of the economy. We used the wage rate 

for men, even though women generally tend to earn less than men in India,11 because 

there was a disproportionately larger number of men in the high-risk group and men were 

more likely to undergo diagnostic tests and treatment for oral cancer. We did not include 

the cost of any wages lost while undergoing screening because screening was carried out 

in a community setting and there was a minimal impact, if any, on work schedules. 
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We report the cost of the programme separately for each programme activity for 

both intervention and control arms. In addition, we also report the cost of the programme 

per person. This latter cost takes into account the different numbers of individuals 

involved in the two arms of the trial. The average cost per 100 000 individuals in both 

intervention and control arms was calculated, and the incremental cost of the intervention 

was derived by comparing the two figures. 

The effectiveness of screening was assessed using the number of cancers detected 

in the individuals eligible for screening in each arm of the trial to derive an estimate of 

the number of life-years saved based on the mortality rate reported during the 9-year 

period of the clinical trial. The number of life-years saved was estimated by assuming 

that, on average, an individual would die from cancer at the age of 50 years (i.e. the mean 

age of individuals in both intervention and control arms). The life expectancy of the 

population enrolled in the clinical trial was 73.5 years, which is the average estimated 

lifespan reported for the state of Kerala, where screening was performed.12 

The incremental (i.e. the difference between intervention and control arms) cost 

per oral cancer detected and the incremental cost per life-year saved are reported for both 

the general population and the high-risk group of tobacco or alcohol users. Neither the 

cost nor the effectiveness measure was discounted, since only the results obtained during 

the clinical trial were reported and no modelling of the lifetime impact was carried out. 

Nonparametric bootstrapping was performed to generate 95% confidence intervals (95% 

CIs) to assess the uncertainty in the cost-effectiveness ratios obtained and also to test the 

sensitivity of the results to changes in unit costs. 

Results 
Table 1 shows the details of the demographic characteristics and screening history of 

individuals in the intervention and control arms according to whether or not they were 

tobacco or alcohol users, the number and stage of oral cancers detected, and the number 

of resulting deaths. In total, 87 829 of the 96 517 (91%) eligible individuals in the 

intervention arm were interviewed, and 80 086 of the 95 356 (84%) eligible individuals 

in the control arm received educational messages. About 40% of both arms were male, 

and participants were on average 49 years old. A large proportion of the men interviewed 
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were at a high risk of developing oral cancer: 73% in the intervention arm and 67% in the 

control arm. In contrast, a much smaller proportion of the women were identified as 

being at a high risk: 27% and 21% in the two arms, respectively. Smoking was the most 

common high-risk habit among men, while women were most likely to use chewing 

tobacco. Overall, 85% of those who had a chewing habit chewed betel quid (i.e. betel 

leaves with lime and areca nut) with tobacco, about 9% chewed betel quid without 

tobacco, and the remainder chewed paan masala. 

Almost all (90%) of the eligible individuals in the intervention arm were screened 

at least once, and 30% underwent three rounds of screening. Among those who 

underwent screening, 6% had referable lesions, and 63% of those with lesions complied 

with recommendations and underwent diagnostic testing. Over the course of the trial, 205 

newly diagnosed cancers were detected in the intervention arm compared with 158 in the 

control arm. The majority of cancers (95%) were found in high-risk individuals. A 

greater proportion of cancers were detected at an early stage (i.e. stage I or II) in the 

intervention arm than in the control arm (41% versus 24%, respectively). There were 77 

deaths in the intervention arm and 87 in the control arm. 

Table 2 lists the total cost of the screening programme and the costs of specific 

programme activities, research and diagnosis, and patients’ costs in the intervention and 

control arms. Around 75% of the costs were related to staff expenditure. Other areas of 

significant expenditure were equipment and travel, at around 7% each. The total cost for 

the intervention arm was US$ 478 742, compared with US$ 260 351 for the control arm. 

Recruitment or invitation costs of US$ 57 254 were incurred in both arms and accounted 

for 12.0% and 22.0% of the total cost for the intervention and control arms, respectively. 

The cost of performing visual screening was US$ 53 987, with 64.6% of this cost related 

to staff and 27.3% related to purchasing consumables, including tongue depressors and 

disposable gloves. Overall, 60.0% the cost incurred in the intervention arm was for 

programme activities (i.e. recruitment or invitation, screening, data collection, and 

management and administration) and research activities. In the control arm, 77.2% of the 

cost was incurred for these activities. The cost of diagnostic testing was much greater in 

the intervention arm than in the control arm, at US$ 94 969 versus US$ 1651, 

respectively. In addition, the cost of the wages lost by patients while undergoing 
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diagnostic procedures and treatment was higher in the intervention arm than in the 

control arm. 

Table 3 shows the total cost per person after adjusting for the number of 

individuals enrolled in each arm of the trial and the cost per person of the different 

components of the trial. The total cost per person was US$ 5.56 in the intervention arm 

and US$ 3.31 in the control arm. Almost half (48.7%) of the per person cost in the 

intervention arm was for programme-related activities, 19.4% was for diagnostic testing 

and approximately 10% each was for research, treatment and patients’ time. The 

breakdown of the per person costs in the control arm was 64.1% for programme 

activities, 17.6% for treatment, 11.7% for research and 6.0% for the patients’ time. 

Table 4 summarizes the total cost and the effectiveness of screening per 100 000 

eligible individuals, as well as the incremental cost-effectiveness ratios for screening in 

terms of the cost per additional cancer detected and the cost per life-year saved. The 

screening programme resulted in the identification of an additional 46.70 oral cancers per 

100 000 members of the general population aged 35 years or more who were eligible for 

screening and an additional 23.95 cases per 100 000 high-risk individuals who were 

eligible for screening. This was associated with 269.31 life-years saved per 100 000 

individuals in the general population and 1437.64 life-years saved per 100 000 high-risk 

individuals, since the difference in oral cancer mortality between the trial arms was much 

greater for high-risk individuals. The incremental cost per oral cancer detected was 

US$ 4817 for all individuals and US$ 9394 for high-risk individuals. The incremental 

cost per life-year saved was US$ 835 for all individuals and US$ 156 for high-risk 

individuals. 

Fig. 1 shows the variation in the total cost of oral cancer screening per 100 000 

individuals with the number of cases detected per 100 000 individuals, as derived by a 

simulation that used nonparametric bootstrapping and data from each of the intervention 

and control clusters. The 95% CI for the cost per oral cancer detected, as derived using 

nonparametric bootstrapping, was US$ 2003 to US$ 11 038. The sensitivity analysis 

showed that variations in unit costs did not result in significant changes in cost 

differences between the control and intervention arms. 
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Discussion 
This study shows that using visual inspection for oral cancer screening was cost-effective 

in southern India and could be performed for under US$ 6 per person eligible for 

screening over the course of a 9-year screening programme, even when the total cost 

included the cost of operating the programme and the cost of diagnostic tests, the 

treatment required and the associated patients’ time. Our analysis differs from previous 

economic assessments in that our cost estimates are based on the costs actually incurred 

in implementing and operating a screening programme and not on those generated by 

decision-analysis models, which often involve numerous assumptions. We have reported 

the costs of the components of the programme and treatment in detail. In addition, we 

have also estimated the programme’s societal impact by quantifying the costs associated 

with the patients’ time. Therefore, this study provides in-depth information that can assist 

policy-makers and programme managers in planning and implementing an oral cancer 

screening programme. 

The sensitivity analysis of the effect of varying input cost estimates indicates that 

the incremental cost-effectiveness ratios obtained in the study are generally robust. 

Currently, there are no standard criteria for a cost-effectiveness ratio threshold below 

which an intervention is considered cost-effective. We used the criteria of the WHO 

Commission on Macroeconomics and Health, which define an intervention as being very 

cost-effective when its cost-effectiveness ratio (generally expressed in terms of the cost 

per disability-adjusted life-year, quality-adjusted life-year or life-year saved) is below a 

country’s gross domestic product (GDP) per capita.13 In this study, the incremental cost 

per life-year saved was less than US$ 850, which is considered very cost-effective given 

that the GDP per capita for India in 2004 was US$ 2900. 

Nevertheless, even when an intervention is highly cost-effective, the funding 

required to implement it may not be available when resources are limited. In our study, 

over 90% of the cancer cases detected, and the subsequent deaths, occurred in the high-

risk group of tobacco or alcohol users. The results of the trial show that screening 

identified more additional oral cancers per 100 000 members of the general population 

than per 100 000 high-risk individuals, but also that high-risk individuals were more 
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likely to die from their cancers. High-risk individuals, therefore, bear a greater disease 

burden and screening can reduce the high mortality rate from oral cancer in this group. 

The most cost-effective approach, as indicated by the cost per life-year saved, is to 

establish a screening programme for tobacco and alcohol users aged 35 years and above. 

We recommend a predominantly horizontal programme (i.e. one embedded in the 

existing health-care system) with vertical inputs in training, programme evaluation and 

investment in health-care infrastructure to enable screening to be offered at a reasonable 

cost. Visual screening could take place once every 3 years, as in our study, and could be 

performed in primary care by doctors, nurses or health-care workers. 

The annual per capita expenditure on health in India is US$ 91 (in 2004 dollars),14 

with private households making the largest contribution of about 75%, followed by state 

government (15%) and central government (5%). The annual per capita cost of an oral 

cancer screening programme would be about US$ 0.62 (based on the US$ 5.56 required 

for the 9-year screening trial reported in this study) and is therefore affordable. 

One limitation of this analysis is that the results may not be generalizable. In the 

real world, a large number of factors can affect both cost and effectiveness. These results 

should therefore be viewed as characteristic of those that can be obtained in a controlled 

setting. Moreover, individuals in the trial control arm were presented with a number of 

educational messages on oral cancer and may, therefore, have been more likely to seek 

diagnostic testing than the general population. The cost estimates for diagnostic tests and 

treatment were based on those incurred at a single public regional cancer centre and may 

not reflect costs that would be incurred at other centres or in the private sector. In 

addition, the cost and effectiveness results reported here are for the screening schedule 

investigated and for the clinical trial design employed. Potentially, better targeted 

diagnostic testing could reduce the overall cost of the programme and future studies 

should systematically evaluate which patients and lesions should undergo further 

diagnostic tests. Finally, the clinical trial was designed to assess screening for oral cancer. 

Therefore, the cost-effectiveness of prevention strategies, for example reducing alcohol 

and tobacco use, was not considered. 
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Currently the burden of oral cancer is high in limited-resource countries such as 

India, but both the incidence of oral cancer and the resulting mortality are also rising in 

several regions of Europe, Japan and Australia.15 With screening, oral cancer can be 

detected at an early stage, when it can be more easily treated. It is feasible that oral 

cancer screening could form part of routine health care given that an examination of the 

mouth is universally regarded as an integral component of a systematic physical 

examination. Our findings confirm that oral cancer screening by visual inspection is cost-

effective and that early detection can significantly reduce the associated high morbidity 

and mortality. The results of this randomized trial and cost-effectiveness analysis should 

help in formulating public health policies for the wider implementation of oral cancer 

screening. 
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Table 1. Demographic characteristics and screening history of individuals, 
oral cancers diagnosed (per stage), and oral cancer deaths in cluster 
randomized controlled trial, Trivandrum district, Kerala, India, 1996-2004 
 
 Intervention arma 

  
 

Control armb 

 

 Tobacco 
or alcohol 
users 
(n = 45 16
8) 

Non-users 
(n = 51 34
9) 

Tobacco 
or alcohol 
users 
(n = 39 32
3) 

Non-users 
(n = 56 03
3) 

Demographic 
characteristics 

    

 Male (%) 67 19 71 18 
 Age (mean in years) 52  45  52  47  
Screening history     
Individuals screened (No., % 
of eligible individuals) 

40 752 
(90) 

46 932 (91) NA NA 

Individuals with referable 
lesions (No., %)c 

4864 (12) 281 (1) NA NA 

Individuals who complied with 
referral procedures (No., %)d 

3040 (63) 178 (63) NA NA 

Oral cancer stage at 
diagnosis 

    

 I (No., %)e 50 (26) 1 (7) 20 (13) 0 
 II (No., %)e 30 (16) 4 (27) 17 (11) 0 
 III (No., %)e 35 (18) 2 (13) 35 (22) 0 
 IV (No., %)e 63 (33) 4 (27) 68 (44) 2 (100) 
 Unknown (No., %)e 12 (6) 4 (27) 16 (10) 0 
Total oral cancer cases 190 (100) 15 (101f) 156 (100) 2 
Oral cancer deaths 70 7 85 2 

NA, not available. 
a Seven clusters with 96 517 eligible individuals. 
b Six clusters with 95 356 eligible individuals. 
c Percentage of individuals screened. 
d Percentage of individuals with referable lesions. 
e Percentage of individuals diagnosed with oral cancer. 
f This total is 101 due to the effect of rounding. 
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Table 2. Total cost of screening programme and costs of specific 
programme activities, research and diagnosis, and patients’ costs in trial 
intervention and control arms, Trivandrum district, Kerala, India, 1996-2004 
 
 Intervention arm 

(n = 87 829) 
Control arm 
(n = 80 086) 

 Cost (in 
2004 
US$) 

% of 
total 
costs 

2004 US$ % of 
total 
costs 

     
Total cost 478 742  260 351  
Programme activity costs     
Recruitment or invitationa 57 254 12.0 57 254 22.0 
Visual screeningb 53 987 11.3  NA  NA 
Data collection 72 010 15.0 70 140 26.9 
Management and 
administration 

54 644 11.4 42 588 16.4 

Research costs 49 464 10.3 31 015 11.9 
Diagnosis costs     
Clinical examination 63 016 13.2  NA  NA 
Biopsy and diagnostic tests 31 953 6.7 1 651 0.6 
Treatment costs 43 398 9.1 41 682 16.0 
Patients’ time costsc     
Diagnosis 37 680 7.9 790 0.3 
Treatment 15 335 3.2 15 230 5.8 

NA, not available; US$, United States dollars.  

a Includes the cost of providing routine educational messages about oral cancer. 
b Includes the cost of training health-care workers. 
c Based on a daily wage of 200 Indian rupees or about US$ 5. 
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Table 3. Total cost per person in the trial intervention and control arms and 
the cost per person of trial components, Trivandrum district, Kerala, India, 
1996-2004 
 

 
Intervention arm 
(n = 87 829) 

Control arm 
(n = 80 086) 

 

Cost per 
person (in 
2004 US$) 

% of 
total 
costs 

Cost per 
person (in 
2004 US$) 

% of 
total 
costs 

Total cost  5.56  3.31  
Screening programme 
costsa 2.71 48.7 2.12 64.0 
Research costs 0.56 10.1 0.39 11.8 
Diagnosis costs 1.08 19.4 0.02 0.6 
Treatment costs 0.61 11.0 0.58 17.5 
Patients’ time costsb 0.60 11.0 0.20 6.0 

US$, United States dollars. 
a Includes training, recruitment of participants, management, data collection, screening and 
providing educational messages about oral cancer. 
b Based on a daily wage of 200 Indian rupees or about US$ 5. 
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Table 4. Total cost and effectiveness of oral cancer screening per 100 000 
individuals and cost-effectiveness of screening,a Trivandrum district, 
Kerala, India, 1996-2004 
 
 Intervention 

arm 
(n = 87 829) 

Control 
arm 
(n = 80 08
6) 

Difference 
between 
intervention 
and control 
arms 

Total cost    
Cost per 100 000 individuals (2004 
US$) 

556 328 331 364 224 964 

Effectiveness    
Number of cancer cases detected per 100 000 individuals 
 All individuals 212.39 165.69 46.70 
 High-risk individualsb 420.65 396.70 23.95 
Number of cancer deaths per 100 000 
individuals 

   

 All individuals 79.78  91.24 11.46 
 High-risk individualsb 154.98 216.15 61.17 
Life-years saved per 100 000 
individualsc 

   

 All individuals  NA  NA 269.31d 

 High-risk individualsb  NA  NA 1437.64d 
Cost-effectiveness    
Cost per additional cancer detected in the intervention arm relative 
to the control arm (2004 US$) 

 

 All individuals     NA  NA 4817d 
 High-risk individualsb   NA  NA 9394d 
Cost per life-year saved by the intervention (2004 US$)  
 All individuals   NA  NA 835d 
 High-risk individualsb   NA NA 156d 

NA, not available; US$, United States dollars. 
a The cost-effectiveness of screening is expressed in terms of the cost per additional cancer 
detected and the cost per life-year saved. 
b Users of tobacco or alcohol or both. 
c Estimate based on an average life expectancy of 73.5 years and the assumption that death due 
to oral cancer will occur at an average age of 50 years. 
d This figure was calculated based on the information provided in Table 3. 
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Fig. 1. Total cost of oral cancer screening as derived by simulation with 
nonparametric bootstrapping and data from individual trial intervention and 
control clusters, Trivandrum district, Kerala, India, 1996-2004 
 

 
 
 
 


