
Oral Oncology 49 (2013) 314–321
Contents lists available at SciVerse ScienceDirect

Oral Oncology

journal homepage: www.elsevier .com/locate /ora loncology
Long term effect of visual screening on oral cancer incidence and mortality
in a randomized trial in Kerala, India

Rengaswamy Sankaranarayanan a,⇑, Kunnambath Ramadas b, Somanathan Thara c, Richard Muwonge a,
Gigi Thomas d, Gopan Anju b, Babu Mathew d

a Screening Group, Early Detection & Prevention Section, International Agency for Research on Cancer, 150 Cours Albert Thomas, Lyon 69008, France
b Division of Radiation Oncology, Regional Cancer Centre, Medical College Campus, Trivandrum 695 011, India
c Division of Pathology, Regional Cancer Centre, Medical College Campus, Trivandrum 695 011, India
d Division of Community Oncology, Regional Cancer Centre, Medical College Campus, Trivandrum 695 011, India

a r t i c l e i n f o
Article history:
Received 3 September 2012
Received in revised form 18 October 2012
Accepted 18 November 2012
Available online 21 December 2012

Keywords:
Oral cancer
Screening
Early detection
Oral visual inspection
Prevention
Mortality
Randomized trial
1368-8375/$ - see front matter � 2012 Elsevier Ltd. A
http://dx.doi.org/10.1016/j.oraloncology.2012.11.004

⇑ Corresponding author. Address: Screening Grou
Research on Cancer, 150 Cours Albert Thomas, 69372
+33 472 73 85 99; fax: +33 472 73 85 18.

E-mail address: Sankarr@iarc.fr (R. Sankaranaraya
s u m m a r y

Objectives: We studied oral cancer incidence and mortality and the impact of compliance to repeat
screening rounds during a 15-year follow-up in a cluster-randomized controlled trial in Trivandrum dis-
trict, Kerala, India.
Methods: Healthy individuals aged 35 and above in seven clusters randomized to the intervention arm
received four rounds of oral visual inspection by trained health workers at 3-year intervals, and those
in six clusters randomized to the control arm received routine care during 1996–2005 and one round
of visual screening during 2006–2009. Screen-positive persons were referred for diagnosis and treatment.
Oral cancer incidence and mortality were compared between the study arms by intention to treat anal-
ysis.
Results: Of the 96,517 eligible subjects in the intervention arm, 25,144 (26.1%) had one, 22,382 (23.2%)
had two, 22,008 (22.8%) had three and 19,288 (20.0%) had four rounds of screening. Of the 95,356 eligible
subjects in the control group 43,992 (46.1%) received one round of screening. Although the 12% reduction
in oral cancer mortality in all individuals did not reach statistical significance, there was a 24% reduction
in oral cancer mortality (95% CI 3–40%) in users of tobacco and/or alcohol in the intervention arm after 4-
rounds of screening; there was 38% reduction in oral cancer incidence (95% CI 8–59%) and 81% reduction
in oral cancer mortality (95% CI 69–89%) in tobacco and/or alcohol users adhering to four screening
rounds.
Conclusion: Sustained reduction in oral cancer mortality during the 15-year follow-up, with larger reduc-
tions in those adhering to repeated screening rounds support the introduction of population-based
screening programs targeting users of smoking or chewing tobacco or alcohol or both in high-incidence
countries.

� 2012 Elsevier Ltd. All rights reserved.
Introduction

Oral cancer (International Classification of Diseases 10th edition
codes C00-06) accounted for an estimated 264,000 new cases and
128,000 deaths globally in 2008; of these, 172,000 cases and
97,000 deaths occurred in less developed countries of the world.1

India accounted for a fifth of the global burden at 45,500 cases
and 31,100 deaths.1 The high incidence in the Indian sub-conti-
nent2 is related to the high prevalence of pan-tobacco chewing in
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the population, in addition to bidi and cigarette smoking as well
as alcohol drinking.3–5 Avoiding these risk factors can prevent a
large proportion of oral cancers. Whereas 5-year survival exceeds
80% following diagnosis and treatment of early, localized (stages
I and II) oral cancer, it drops to less than 20% with advanced clinical
stages (III and IV).6–9 Although the direct accessibility and visibility
of the oral cavity for physical examination greatly facilitates early
detection of preclinical invasive oral cancers and potentially malig-
nant disorders (PMDs), a high proportion of oral cancer is still diag-
nosed in advanced clinical stages in most countries.6–9 In 2005, we
reported a 34% reduction in oral cancer mortality in high-risk indi-
viduals with tobacco chewing or smoking or alcohol drinking hab-
its following three rounds of oral visual screening at 3-year
intervals in a cluster-randomized controlled trial, after 9 years of
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follow-up since its initiation in 1996.10 We now present the results
after 15 years of follow-up in this trial and discuss the efficacy of
adherence to repeated screening rounds.
Materials and methods

Participants and procedures

The methods of this cluster-randomized trial were described in
detail elsewhere.10–12 The study protocol was reviewed and ap-
proved by the scientific and ethics review committees of the Regio-
nal Cancer Centre, Trivandrum, India (RCC) and the International
Agency for Research on Cancer, Lyon, France (IARC). In brief, the
13 panchayaths (municipal administrative units), in the Trivan-
drum District, Kerala, India chosen for the study were randomly as-
signed to two groups of seven and six clusters by blocked
randomization; the two groups were then randomly assigned to
receive oral visual screening by trained health workers (HWs) at
3-year intervals (seven clusters) or to a control group (six clusters)
to receive existing care. The study was initiated in January 1996
and the results reported here are based on follow-up through
December 2010.

Screening was provided by HWs, who were non-medical uni-
versity graduates, trained to perform visual inspection of the oral
mucosa and identify potential precancerous lesions (e.g., homoge-
neous leukoplakia, non-homogeneous leukoplakia, erythroplakia,
oral submucous fibrosis) or oral cancer. Two manuals on visual
inspection with color photographs and descriptions of oral lesions
were used for training and reference during screening.13,14

Eligible participants were apparently healthy persons aged
35 years and older living in the study clusters with no past history
of oral cancer. Two HWs were assigned to each cluster to visit
households to identify and interview the eligible subjects during
each round. The eligible subjects were explained about the study
and a written informed consent was obtained. Information on
house number, address, type of house, income, name, age, and per-
sonal habits of each resident in the household were collected and
documented in a household form. Eligible individuals were then
interviewed for details on occupation, habits, such as chewing, to-
bacco smoking, and alcohol drinking. The harmful aspects of tobac-
co or alcohol use were explained and subjects were advised to stop
or not initiate these habits. The HWs screened the eligible persons
in the intervention clusters during house visits. Screening was re-
peated every 3 years for four rounds, with all rounds completed in
2008. Oral mucosa was carefully inspected in bright daylight with
the help of a torch light and palpated when necessary. The findings
were recorded as normal; referable lesions suggestive of poten-
tially malignant disorders, or suspicious ulcer, or growth sugges-
tive of cancer. Screen-positivity was defined as the presence of
referable lesions.

Eligible subjects in the control clusters were not screened but
continued to receive routine health-care during the years 1996–
2005. Once significant oral cancer mortality reduction following
three rounds of screening among the high-risk subjects in the
intervention arm was confirmed, the control subjects were offered
screening during the years 2006–2008.

All screen-positive subjects were referred to a weekly clinic in
the study project office where dentists and oncologists, with spe-
cial training and several years of experience in the diagnosis of oral
lesions, clinically examined them using standardized criteria13,14

and advised on further steps. They assessed the oral cavity and
documented the findings as normal, benign lesions, oral precancer-
ous lesions or invasive cancer and advised the individuals to dis-
continue chewing, smoking and drinking and to improve oral
hygiene. Punch or incision or excision biopsies were directed from
oral precancerous lesions with a high degree of clinical suspicion of
cancer and all growths; the biopsy specimens were processed at
the RCC and histological findings were reported by one pathologist
(ST). The reference investigation for final diagnosis of oral precan-
cerous lesions was clinical examination by doctors and histology
for all invasive oral cancers. Oral precancerous lesions were surgi-
cally excised whenever possible and biopsies were directed when-
ever progression was clinically suspected during follow-up.15

Those with confirmed oral cancers were referred for appropriate
treatment with surgery and/or radiotherapy and/or chemotherapy.

The study was monitored using a set of process measures such
as participation in screening, screen positivity (the proportion of
screened persons with a positive screening test), compliance to
referral (the proportion of screen-positive subjects reporting for
diagnostic confirmation in the weekly clinic) and intermediate out-
come measures such as stage distribution of oral cancer cases, case
fatality (proportion of deaths among oral cancer cases), and sur-
vival of oral cancer patients in the intervention and control arms.

The final outcome measures were oral cancer incidence and
mortality in the study groups. We obtained information on the
incident oral cancer cases in the study clusters from the Trivan-
drum population-based cancer registry, hospital cancer registry
of the RCC and medical records departments of other hospitals
treating oral cancer patients. This information was collected with-
out being aware of study group assignment of cases. The staging of
oral cancers was done according to the UICC TNM staging system.16

Information on all deaths among the subjects was collected from
the municipal and district death registers, hospital medical re-
cords, death records of churches and mosques, house visits by
the population cancer registry staff and by project HWs. The cancer
cases were coded by the ICD-O 3rd edition codes17 and cause of
death was coded using ICD-1018 by the registry and project staff.
We classified cases of oral cancer in the intervention arm as screen
detected (diagnosed following a positive screen); interval (diag-
nosed after a negative screening test between screening rounds);
and occurring among non-participants. The cause of death in each
oral cancer case was assessed on a case-by-case basis by three phy-
sicians (KR, GT, ST) blinded to the study group allocation based on
clinical information from medical records, death certificates and
other details obtained during house visits and telephone enquiries.
Deaths were attributed to oral cancer if the patient had histologi-
cally or clinically confirmed oral cancer, lymph nodes or distant
metastasis at the time of death or had died due to complications
of oral cancer treatment. The registered oral cancer cases and
deaths were then classified, as belonging to the intervention or
control arm or to subjects not in the study, by matching with the
study database on case-by-case basis by the screening project staff.

Statistical analysis

Data were entered in D-Base and analyzed using STATA 9.2 soft-
ware package. Analysis was by intention-to-treat principle: taking
into account the cluster randomization. Participation in screening,
screen positivity, compliance for referral, stage distribution, and
case fatality were calculated as proportions and survival was com-
puted by Kaplan–Meier analysis.19 The comparison of proportions
between the study groups was performed using a Mann–Whitney
non-parametric test based on all cluster summary data.20

For calculation of oral cancer incidence rates, the numbers of
person years in the study groups were estimated from the date
of the study initiation (January 1, 1996) to December 31, 2010 or
the date of diagnosis, death or migration, whichever occurred first.
For calculation of oral cancer mortality rates, the person-years
were estimated from the date of study initiation to December 31,
2010 or the date of death or migration, whichever occurred first.
Multivariate analysis of oral cancer incidence and mortality hazard
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ratios with 95% confidence intervals (CIs) was done using Cox pro-
portional hazards regression, taking into account the cluster design
and adjusting for age, sex, and total number of residents.21 The ef-
fect of compliance with screening was evaluated by the risk of oral
cancer incidence and mortality in individuals who participated in a
specific number of repeated screening rounds relative to the risk in
the control group. The study was planned to have an 80% power at
5% significance level to detect a 35% reduction in cumulative mor-
tality rate from oral cancer within 12 years of enrolment between
the intervention and control groups; sample size considerations
have been detailed elsewhere.10,11
Results

Fig. 1 shows the study profile in terms of eligible subjects, per-
son-years, oral cancer incidence and mortality rates in all individ-
uals; Fig. 2 shows the above in users of tobacco or alcohol or both.
13 clusters randomized (19
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The study groups had similar distribution of age, sex, religion,
house type, education, occupation, income, pan tobacco chewing,
tobacco smoking, and alcohol drinking as detailed elsewhere.10

The total number of eligible individuals, screened individuals,
screen-positive individuals, and screen-positives who complied
with referral to the study clinicians are given in Table 1. The pro-
portion of eligible individuals screened in each round varied be-
tween 82.1% in the first round and 44.5% in the fourth round; the
screen-positivity rate was 7.3% (3589/49,179) in the first, 2.6%
(1475/55,993) in the second, 2.1% (1395/64,898) in the third and
2.2% (932/43,014) in the fourth rounds.

Overall, of the 5586 ever screen-positive individuals, 3298
(59.0%) complied with referral to the study clinicians; of these,
770 (23.3%) had healthy mucosa or benign lesions; 2336 (70.8%)
were diagnosed with oral precancerous lesions (lichen planus
N = 53; homogeneous leukoplakia N = 898; non-homogeneous leu-
koplakia N = 812; submucous fibrosis N = 573); and 192 (5.8%)
with growths suspicious of cancer. Of the 2336 individuals with
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Table 1
Screening process by round of screening.

Variable Intervention group (seven clusters, 96,517 individuals) Control group (six clusters,
95,356 individuals)

1st Round
(1996–1998)

2nd Round
(1999–2001)

3rd Round
(2002–2004)

4th Round
(2006–2009)

Overall
(1996–
2009)

4th Round (2006–2009)

Total eligible individuals 62,288 67,621 73,028 96,517 96,517 95,356
Screened individuals 49,179 55,993 64,898 43,014 88,822 43,992
Screen-positives 3589 1475 1395 932 5586 1163
Screen-positives who complied with clinical

assessment by doctors in the project clinic
1886 816 883 185 3298 189

Table 2
Distribution of stage by number of times screened.

Number of times screened Clinical stage Total

I II III IV Unknown

Screening group
0 0 (0%) 3 (16%) 3 (16%) 7 (37%) 6 (32%) 19
1 9 (11%) 10 (13%) 18 (23%) 32 (41%) 10 (13%) 79
2 10 (15%) 11 (17%) 17 (26%) 25 (38%) 3 (5%) 66
3 23 (32%) 12 (17%) 9 (13%) 25 (35%) 3 (4%) 72
4 17 (40%) 15 (35%) 4 (9%) 7 (16%) 0 (0%) 43

Total 59 (21%) 51 (18%) 51 (18%) 96 (34%) 22 (8%) 279

Control group
1996–2004 21 (13%) 19 (12%) 34 (22%) 72 (46%) 12 (8%) 158
0 0 (0%) 7 (16%) 12 (27%) 20 (44%) 6 (13%) 45
1 10 (24%) 9 (22%) 6 (15%) 15 (37%) 1 (2%) 41

Total 31 (13%) 35 (14%) 52 (21%) 107 (44%) 19 (8%) 244
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oral precancerous lesions 499 (21.4%) with suspicious features of
occult cancer had directed biopsies and 26 were histologically
diagnosed as normal, 133 as hyperkeratosis, 121 as mild dysplasia,
172 as moderate dysplasia, 25 as severe dysplasia and 22 as squa-
mous cell carcinoma. Of the 192 with suspicious growth, biopsy re-
vealed 163 as squamous cell carcinoma, 3 as verrucous carcinoma,
4 as severe dysplasia, 7 as moderate dysplasia, 3 as mild dysplasia,
and 12 as hyperkeratosis. The detection rate of oral precancerous
lesions and oral cancer in the first, second, third and fourth rounds
were 28.3, 11.9, 11.6 and 3.9 per 1000 screened individuals,
respectively. Of the 95,356 individuals in the control arm, 43,992
(46.1%) had one round of screening during 2006–2008 and 1163
(2.6%) were positive.

Of oral cancer cases, 279 (188 screen-detected, 72 interval can-
cers and 19 in those who did not respond to any screening round)
were diagnosed in the intervention arm and 244 in the control
group during 1996–2010 (Table 2). The intra oral site distribution
in the intervention arm was: lip 7 (2.5%); tongue 83 (29.8%); gin-
giva 19 (6.8%); floor of mouth 7 (2.5%); hard palate 18 (6.5%);
and buccal mucosa 145 (52.0%). The site distribution in the control
group was: lip 7 (2.9%); tongue 89 (36.5%); gingiva 29 (11.9%);
floor of mouth 13 (5.3%); hard palate 12 (4.9%); and buccal mucosa
94 (38.5%). All invasive cancers were confirmed histologically: in
the intervention arm 273 (97.9%) were squamous cell carcinoma,
4 (1.4%) were verrucous carcinoma, 1 mucoepidermod and 1 spin-
dle cell carcinoma; in the control group 242 (99.2%) were squa-
mous cell carcinoma, 1 was verrucous carcinoma, and 1 was
mucoepidermoid carcinoma.

The stage distribution of oral cancer cases in the study arms is
given in Table 2; 39.4% of the cases in the intervention arm were
in stages I or II compared with 27.0% cases in the control arm
(p = 0.002). A significantly higher 5-year survival (55.5% vs.
43.4%) and 10-year survival (48.3% vs. 30.6%) was observed in
the intervention arm than in the control arm (p = 0.003). Table 3
shows the number of oral cancer cases, stage III or worse cases, oral
cancer deaths, incidence and mortality rates and hazard ratios with
95% CI in all eligible persons, as well as in those with and without
tobacco and/or alcohol habits in the intervention and control arms.
There were 138 and 154 oral cancer deaths in the intervention and
control arms, respectively. No significant reduction in cumulative
oral cancer incidence and there was a statistically non-significant
12% reduction in oral cancer mortality in all individuals in the
intervention arm compared with the control arm. There was a sig-
nificant 21% reduction in the incidence of advanced oral cancers
and a significant 24% reduction in oral cancer mortality in users
of tobacco or alcohol or both in the intervention arm compared
with the controls (Table 3). The cumulative incidence of all oral
cancers, of stage II or worse cancers, of stage III or worse cancers
and of cumulative mortality from oral cancer in tobacco and/or
alcohol users are shown in Fig. 3.

The effect of compliance with the repeated screening rounds in
terms oral cancer incidence and mortality hazard ratios and their
95% confidence intervals (CIs) compared with controls is given in
Tables 4 and 5. There was a significant 38% reduction and 79%
reduction in oral cancer mortality in all eligible individuals adher-
ing to three and four screening rounds, respectively (Table 4). Ta-
ble 5 shows the effect of compliance with repeated screening
rounds in those with tobacco or alcohol or both habits. There
was a statistically significant 38% reduction in incidence in those
who had four screens and 47% reduction and 81% reduction in oral
cancer mortality in those who complied with three and four
screening rounds, respectively.

There were neither instances of severe adverse events, such as
death, vaso-vagal attack, anaphylactic reaction, major bleeding,
hospitalization, infection, severe pain, or other adverse effects,
nor major cosmetic or functional disabilities as a consequence of
screening, directing biopsies, or excision of lesions. There was
one case of mild bleeding following biopsy, which required suture.
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Figure 3 Cumulative incidence of (a) overall, (b) stage 2 or worse, (c) stage 3 or worse, and (d) mortality from oral cancer among individuals with tobacco or alcohol drinking
or both habits.

Table 3
Oral cancer incidence, stage III or worse incidence and mortality rates in all eligible individuals, in eligible individuals with tobacco or alcohol drinking habits or both and in
eligible individuals with no habits.

Screening group Control group Rate ratio (95% CI)a

Overall
Person-years of observation 895,310 898,280
Number of oral cancer cases 279 244
Incidence rate (per 100,000) 31.2 27.2 1.14 (0.91–1.44)
Number of stage III or worse oral cancer cases 147 159
Incidence rate (per 100,000) 16.4 17.7 0.92 (0.72–1.17)
Number of oral cancer deaths 138 154
Oral cancer mortality rate (per 100,000) 15.4 17.1 0.88 (0.69–1.12)

Tobacco or alcohol users or both
Person-years of observation 429,620 377,350
Number of oral cancer cases 254 232
Incidence rate (per 100,000) 59.2 61.6 0.97 (0.79–1.19)
Number of stage III or worse oral cancer cases 138 154
Incidence rate (per 100,000) 32.2 40.9 0.79 (0.65–0.95)
Number of oral cancer deaths 129 147
Oral cancer mortality rate (per 100,000) 30.0 39.0 0.76 (0.60–0.97)

People with no habits
Person-years of observation 465,700 520,940
Number of oral cancer cases 25 12
Incidence rate (per 100,000) 5.4 2.3 2.34 (1.07–5.12)
Number of stage III or worse oral cancer cases 9 5
Incidence rate (per 100,000) 1.9 1.0 2.01 (0.66–6.13)
Number of oral cancer deaths 9 7
Oral cancer mortality rate (per 100,000) 1.9 1.3 1.36 (0.57–3.26)

a The reference category is the control group.
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Table 4
Oral cancer incidence/mortality rates by number of times screened among all participants.

Number of times screened Cases/deaths Person-years of observation Incidence/ mortality rate per 100,000 PYO Incidence/mortality hazard ratioa (95% CI)

Oral cancer incidence
Control 244 897,610 27.2 1.00
Intervention
0 19 34,910 54.4 1.43 (0.89–2.30)
1 79 129,230 61.1 1.94 (1.34–2.80)
2 66 204,130 32.3 1.14 (0.86–1.52)
3 72 259,870 27.7 1.08 (0.81–1.44)
4 43 266,240 16.2 0.76 (0.49–1.17)

Oral cancer mortality
Control 154 898,280 17.1 1.00
Intervention
0 13 34,900 37.2 1.46 (0.78–2.73)
1 57 129,290 44.1 2.26 (1.66–3.09)
2 33 204,330 16.2 0.94 (0.68–1.30)
3 27 260,220 10.4 0.62 (0.37–1.04)
4 8 266,560 3.0 0.21 (0.13–0.35)

PYO: person-years of observation.
a Adjusted for age, sex and total number of residents; CI: confidence interval.

Table 5
Oral cancer incidence/mortality rates by number of times screened among individuals with tobacco or alcohol drinking habits or both.

Number of times screened Cases/deaths Person-years of observation Incidence/mortality rate per 100,000 PYO Incidence/mortality hazard ratioa (95% CI)

Oral cancer incidence
Control 232 376,690 61.6 1.00
Intervention
0 13 18,530 70.2 1.01 (0.58–1.76)
1 72 69,520 103.6 1.62 (1.17–2.23)
2 61 102,870 59.3 0.97 (0.74–1.26)
3 68 125,770 54.1 0.90 (0.67–1.20)
4 40 112,020 35.7 0.62 (0.41–0.92)

Oral cancer mortality
Control 147 377,350 39.0 1.00
Intervention
0 11 18,520 59.4 1.27 (0.68–2.37)
1 52 69,580 74.7 1.90 (1.45–2.49)
2 32 103,070 31.0 0.83 (0.62–1.12)
3 26 126,110 20.6 0.53 (0.34–0.84)
4 8 112,330 7.1 0.19 (0.11–0.31)

PYO: person-years of observation; CI: confidence interval.
a Adjusted for age, sex and total number of residents.
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Eight patients reported moderate pain 1 week after biopsy, which
was controlled by anti-inflammatory drugs.
Discussion

We have demonstrated a sustained reduction in oral cancer
mortality following oral visual screening in high-risk individuals
who chewed betel quid with tobacco or smoked or drank alcohol
in various forms in the intervention arm after 15 years from the
beginning of the study, although the reduction in cumulative mor-
tality was lower than the 34% reduction reported following three
rounds of screening after 9 years from the initiation of the study.10

The frequency of oral cancer cases and deaths among 106,929 indi-
viduals with no habits were 37 and 16, respectively as opposed to
486 and 292, respectively among the 84,943 individuals who used
tobacco and/or alcohol indicating the low-risk of oral cancer in
individuals not exposed to tobacco and/or alcohol habits. Since
the low-risk individuals with no habits constituted 55.7%
(N = 106,946) of the eligible subjects, our study lacked the power
to detect significant oral cancer mortality differences in the general
population. Our further discussion, therefore, mainly concerns the
high-risk individuals with tobacco and/or alcohol habits. The
reduction in oral cancer mortality was due to early detection by
screening as shown by the significantly reduced incidence of ad-
vanced oral cancers, the increased survival and reduced case fatal-
ity in the intervention arm. The mortality reduction has been
observed despite the modest adherence of screen-positive individ-
uals for further assessment: among the 45,792 high-risk individu-
als in the intervention arm, 41,908 were screened at least once,
5246 (12.5%) were screen-positive and 3108 of those (59.3%) were
seen by the study doctors for further diagnosis.

A cost-effectiveness study in the context of our trial established
that oral visual screening was performed for under US$6 per per-
son and the incremental cost per life-year saved was US$835 for
all eligible individuals and US$156 for tobacco and/or alcohol
users.22 These are well below the per capita gross domestic prod-
uct of India, indicating that the most cost-effective approach to oral
cancer screening is to offer it to users of tobacco or alcohol or
both.22 There was no impact of screening on oral cancer incidence
except in the high-risk group who had four rounds of screening.
The wide exposure of oral epithelium to carcinogenic effects from
tobacco and alcohol, leading to the field cancerization effect and
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the modest compliance for repeated screening minimized the po-
tential benefits of habit intervention, risk assessment, and fol-
low-up of those with oral precancerous lesions might have on
the incidence of new cancers. It is not clear if medical or surgical
treatment of oral precancerous lesions is effective in preventing
malignant transformation.23,24 The benefits of adherence to re-
peated screening is well demonstrated by the impressive reduction
of oral cancer mortality observed in both the high-risk individuals
(Table 5) and all eligible individuals (Table 4) who had three or four
screening rounds; there was an 79% or more oral cancer mortality
reduction in those who had four rounds of screening. This en-
hanced mortality reduction is essentially due to the substantially
improved early detection of oral cancer cases. In addition, there
was a significant 38% reduction in oral cancer incidence in those
high-risk individuals who had four screening rounds.

A Cochrane Review in 201025 based on our published results in
200510 concluded that a visual examination, as part of population-
based screening, reduced oral cancer mortality rate in high-risk
individuals, producing stage shift and improvement in survival
across the population as a whole. In 2006, we commented that
important issues to consider when implementing screening pro-
grams are not necessarily the same as those needed for scientific
assessment of the effectiveness of a procedure and whether a tech-
nique should be part of a cancer prevention strategy depends on
health priorities and health service resources in a given setting
after issues such as the technique’s effectiveness and public health
importance of the disease have been assessed.26

The value of routine biopsy and histological assessment of oral
precancerous lesions in predicting the risk of invasive cancer is not
clear.27–29 Reporting histological characteristics of oral precancer-
ous lesions, including a histological diagnosis of dysplasia in oral
lesions, is subjective and some studies reported no association of
dysplasia or its grades with malignant transformation27–29 while
others found a positive association.30,31 The frequency of malignant
transformation of oral dysplasia over a 15-year follow-up in our
study was 3.9% (13/322); these values were 6.8% (2/29) for severe
dysplasia; 4.5% (8/179) for moderate dysplasia; 2.4% (3/124) for
mild dysplasia and 4.5% (7/155) for lesions with hyperkeratosis
indicating the poor predictive value of dysplasia for the likelihood
of progression to cancer.

An expert panel of the American Dental Association (ADA)32

concluded, based on level Ib evidence (evidence from at least one
randomized trial), that community-based screening by visual and
tactile examination may decrease oral cancer-specific mortality
among people who use tobacco and/or alcohol. They recommended
that clinicians should look for signs of precancerous lesions or early
cancers while performing routine visual and tactile screening in all
subjects, but particularly in those who use tobacco and/or alcohol
and the life saving benefits for subjects with treatable lesions was
more important than the potential harms incurred by those with
benign or non-progressive lesions.32

The limitations of our study include the small number of clus-
ters, the lack of documentation of quality of life, the modest com-
pliance of screen-positive individuals for further assessment and
the inclusion of elderly (70 years and above) individuals as eligible
individuals. A small number of clusters were randomized due to
the high population density in the study area and to reduce the risk
of contamination between the study groups. Although interpreta-
tion of visual inspection may suffer from a degree of subjectivity,
variations in testing between providers may be minimized by re-
peated training and careful monitoring of providers.33 The
strengths of our study include repeated training of the health
workers to reduce false positive and false negative test outcomes,
almost perfect agreement (kappa = 0.85) between the findings of
the health workers and the physicians in identifying the different
types of oral precancerous lesions,33 the avoidance of over-treat-
ment of screen-positives by conservative management of individu-
als with oral precancerous lesions and the provision of cancer
treatment after histological confirmation of cancer avoided over-
treatment of benign lesions; the low frequency of false-positive
tests and the reliable long-term follow-up study participants by ac-
tive and passive follow-up methods.

In summary, our findings support the routine use of oral visual
screening to reduce oral cancer mortality among the high-risk of
group of users of tobacco or alcohol or both in the general popula-
tion, in addition to primary prevention efforts to reduce and pre-
vent tobacco and alcohol use. We recommend that dentists and
general practitioners perform a careful oral visual examination in
tobacco or alcohol users during routine clinical interactions and re-
fer those with suspicious oral lesions for early diagnosis and treat-
ment. A public awareness program that stresses the importance of
oral visual screening, once in 3 years, beginning at 35 years of age,
warning signs of oral cancer and the hazards of tobacco and alcohol
use and efforts to improve the clinical skills of primary care prac-
titioners and dentists in the early detection and prompt referral
of subjects with potentially malignant disorders as well as improv-
ing health care infrastructure for early diagnosis and adequate
treatment of lesions can significantly contribute to reducing oral
cancer mortality in high-risk countries.
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