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Core Message
Oral cancer is a serious health problem and appears to be 
amenable to screening. The oral cavity is easy to examine, 
and studies have shown that healthcare workers can detect 
oral potentially malignant lesions with a sensitivity and spec-
ificity similar to that found to be acceptable in other screen-
ing programs. However, there remain considerable barriers to 
the implementation of screening programs. The criteria for a 
positive test may not detect the lesions that are most likely to 
be malignant or that will progress to malignancy, and there is 
a lack of evidence to show that a screening program will 
reduce mortality. Studies have suggested that opportunistic 
screening of high-risk groups may be effective and cost- 
effective, but further research is needed to refine the criteria 
for a positive screen and to determine the best methods for 
identifying and targeting high-risk groups.

16.1  Definition and Principles of Cancer 
Screening

16.1.1  Definitions

Early detection and prevention of cancer is a major compo-
nent of cancer control programs worldwide and is an impor-
tant part of the World Health Organization’s efforts to reduce 
mortality and morbidity from cancer [1, 2]. Cancer preven-
tion encompasses a range of interventions that can be divided 
into three main groups, referred to as primary, secondary, and 
tertiary prevention. Primary prevention aims to prevent dis-
ease before it occurs, by reducing or eliminating exposure to 
causative agents. In the case of oral cancer, this may involve 
programs to reduce tobacco and alcohol use, either through 
health education or by fiscal measures. Tertiary prevention 
aims to reduce the impact of established disease, using mea-
sures to improve quality of life through better treatment or by 
rehabilitation and long-term care of survivors. Cancer screen-
ing is a component of secondary prevention, which aims to 
detect disease early when it can be effectively treated. Cancer 
screening must be distinguished from early diagnosis or case-
finding, which involves detecting and diagnosing disease in 
symptomatic people, as early as possible, so that effective treat-
ment can be implemented while there is still a good chance of 
a cure. Programs aimed at early diagnosis often include health 
education to encourage the public and health professionals to 
recognize the early signs and symptoms of disease.

In contrast, screening involves early detection of cancer 
in asymptomatic people. Screening has long been defined as 
the identification of unrecognized disease by the application of 
a test to people who are asymptomatic, in order to identify 
those who probably have the disease and to distinguish them 
from those who probably do not [3]. It is important to note 
that a screening test is not intended to be diagnostic but aims 
to identify changes that are associated with an increased like-
lihood of cancer, initiating the application of more specific 
diagnostic procedures. Therefore, a screening test may be 

designed to detect premalignant changes as well as evidence 
of early malignancy. This, for example, is the underlying 
principle of the “smear” test for cervical cancer, which identi-
fies atypical cells that may be associated with premalignancy 
or with actual cancer.

16.1.2  Principles and Criteria for Screening

Screening is an ongoing process of testing well people at regu-
lar intervals and must include methods for identifying the 
target population and provision for onward referral for diag-
nosis and treatment. Implementation of a screening program 
therefore has significant resource implications as well as a 
number of potential disadvantages. It is now more than 
50 years since Wilson and Jungner [3] established ten princi-
ples that should be met for the implementation of a successful 
screening program. With some contemporary rewording, 
these are shown in . Table 16.1. These principles have been 
adapted and expanded over the years, to reflect the higher 
standards of evidence required to prove effectiveness and to 
address increasing concerns about ethical issues and overdiag-
nosis whereby subjects may be over-investigated or over-
treated without gaining benefit (see 7 Section 16.2.1). For 
example, the National Screening Committee of the United 
Kingdom now lists 20 criteria that must be considered before 
a screening program can be funded and implemented [4]. As 
well as the ten basic principles, the criteria include evidence of 
adequate test performance, evidence from randomized trials 
that screening will reduce mortality or morbidity in the popu-
lation, provisions for genetic testing, and that all primary pre-
ventive programs have been implemented wherever possible. 
Agencies in the United States have similar criteria [5, 6]. 
Importantly, these criteria also require that the benefits and 
advantages of screening outweigh the disadvantages and any 

Table 16.1 The underlying principles for the design 
of a screening program
1. The condition to be screened for should be an important 

health problem.
2. There should be an accepted and effective treatment for 

patients with recognized disease.
3. Facilities for diagnosis and treatment of those screened 

positive should be available.
4. The disease should have a recognizable latent or early 

symptomatic stage.
5. There should be a suitable test or examination.
6. The test should be acceptable to the population.
7. The natural history of the condition, including development 

from latent to declared disease, should be adequately 
understood.

8. There should be an agreed policy on who should be offered 
treatment and the appropriate treatment to be offered.

9. The program should be cost-effective.
10. Screening should be a continuing process and not a “once 

and for all”.

Based on: Wilson and Jungner [3]
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potential physical or psychological harm to subjects. The 
potential advantages and disadvantages of a screening pro-
gram are summarized in . Table 16.2. The disadvantages are 
particularly important and may be insurmountable, meaning 
that a program cannot be implemented. In the United 
Kingdom, 30 screening programs have been implemented, but 
only 3 are for cancers: cervical cancer, breast cancer, and bowel 
cancer. Worldwide, few cancer screening programs have been 
introduced, and no country has yet organized a national 
screening program for oral cancer [7]. The reasons for this will 
be considered in the context of oral cancer later in this chapter.

 > Key Features of a Cancer Screening Program
 5 Early detection of disease in people who are 

otherwise asymptomatic.
 5 Uses a test to detect early stages of cancer or 

changes of precancer.
 5 The test identifies those who probably have the 

disease, to distinguish them from those who 
probably do not.

 5 The screening test is not diagnostic. Those 
screened positive are referred for more specific 
diagnostic tests.

 5 Screening is an ongoing process repeated at 
intervals and includes protocols for managing 
people who screen positive and must include 
effective treatment of screen-detected disease.

 5 The outcome must be a reduction in mortality in 
the whole population offered screening. If the 
screening test also aims to detect precancer, then a 
further expected outcome will be reduced inci-
dence of invasive cancer.

16.2  Evaluation of Screening

16.2.1  Evaluation of a Screening Test

The validity or accuracy of a test is determined by the pro-
portion of the results that are confirmed as truly positive or 
negative by an acceptable diagnostic procedure  – often 
referred to as the “gold-standard” diagnosis. An ideal screen-
ing test would correctly identify all individuals in the 
screened population with the disease as positive and all indi-
viduals without the disease as negative. However, this never 
happens and, therefore, there must be a balance between how 
well the screening test correctly classifies people with the dis-
ease (sensitivity) and how well it classifies people without the 
disease (specificity). The possible outcomes of a test are illus-
trated in . Fig. 16.1, and definitions of these and the metrics 
used to evaluate a test are shown in . Tables 16.3 and 16.4. 
The most widely used metrics are the sensitivity and specific-
ity, and in general the calculation of these parameters is 
regarded as essential in the evaluation of a test. However, 
obtaining the data to do this can be very difficult because it is 
necessary to determine the number of true (TN) and false 

       . Table 16.2 Potential advantages and disadvantages of a 
screening program

Advantages Disadvantages

Reduced mortality Detection of cases already 
incurable may increase 
morbidity for some patients

Reduced morbidity Unnecessary treatment for 
lesions which may not have 
progressed

Reduced incidence of invasive 
cancers

Psychological trauma for 
those with a false-positive 
screen

Improved prognosis for 
individual patients

False reassurance for those 
with a false-negative screen

Identification of high-risk 
groups and opportunities for 
primary intervention

Reinforcement of bad habits 
among those screened 
negative

Reassurance for those 
screened negative

Excessive costs

Cost savings

True positive
(TP)

Test
result

False positive
(FP)

False negative
(FN)

True negative
(TN)

Disease
present

Disease
absent

Gold standard diagnosis

       . Fig. 16.1 The four possible outcomes of a screening test. The 
gold-standard diagnosis determines the true presence of disease in the 
population. In a perfect test, all subject will fall into the TP box, but this 
never happens (see text)

       . Table 16.3 The four possible outcomes of a screening test

Definition

True positive 
(TP)

The test correctly classifies an individual with 
the disease as positive

False positive 
(FP)

The test incorrectly classifies an individual 
without the disease as positive

True 
negative (TN)

The test correctly classifies an individual 
without the disease as negative

False 
negative (FN)

The test incorrectly classifies an individual with 
the disease as negative

Screening for Oral Cancer
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(FN) negatives. This means that all individuals subjected to 
the screening test who are negative must also be subjected to 
the gold-standard diagnostic test to prove they are truly neg-
ative. In large studies, where a disease may be of low preva-
lence, this can be a difficult or impossible undertaking and 
may be too expensive to justify funding. In this case, the PPV 
may be used as an acceptable substitute.

There is no agreed definition for what constitutes an 
acceptable test, and there must always be a “trade-off ” 
between sensitivity and specificity. While it is important that 
the test records a low number of false positives (FP), to pre-
vent unnecessary overdiagnosis and anxiety, it is also impor-
tant that the number of false negatives (FN) is kept as low as 
possible so that disease is not missed. Acceptable tests gener-
ally have a sensitivity and specificity of 0.8 or more, but in 
order to capture and treat as many cancers as possible, a 
higher sensitivity is preferable – but this will result in more 
false positives and may come at extra cost.

16.2.2  Lead-Time Bias

A major unintentional consequence of early detection of can-
cer is that it may result in overdiagnosis of disease and cause 
many people to receive unnecessary treatment. This is called 
lead-time bias and refers to a situation where a screening test 
detects disease which may be asymptomatic but is already so 
far advanced that treatment is not effective and will not pro-
long life (. Fig. 16.2). For example, screening tests for lung 
cancer proved ineffective, because when disease was detected, 
even in asymptomatic patients, it was already advanced and 
treatment would not prolong life [8]. . Figure  16.2 shows 
that the earlier diagnosis due to a positive screen results in an 
apparent increase in survival, but in reality, life is not pro-
longed and the patient dies at the same age. The outcome for 
the patient does not change, but they are subjected to unnec-
essary treatment after the screen and to the psychological 
trauma of living with cancer for a longer period than is  

necessary. . Figure 16.3 illustrates an effective screening pro-
gram, such as cervical cancer screening. In this case,  
subject (b) benefits from a positive screen early in life, and 
effective treatment results in a prolongation of life and a true 
increase in survival compared to subject (a), whose cancer 
presents late with symptoms and dies soon after.

A phenomenon similar to lead-time bias is referred to as 
length-time bias. In this situation, a sensitive screening test 
detects small slow-growing cancers, which may be less 
aggressive and may not have killed the patient or even 
become clinically apparent within their natural lifetime. In 
this case, the screening results in unnecessary treatment as 
well as the psychological trauma of being diagnosed with a 
disease that, in the absence of the screen, the patient may 
never have known about. This scenario applies to prostate 

       . Table 16.4 Metrics used to evaluate the accuracy of a 
screening test

Calculation Definition

Sensitivity The ability of the test to 
correctly classify people with 
the disease as positive

Specificity The ability of the test to 
correctly classify people without 
the disease as negative

Positive 
predictive 
value (PPV)

The proportion of people with 
the disease among those who 
test positive

Negative 
predictive 
value (NPV)

The proportion of people with 
the disease among those who 
test positive

TP
TP FN+

TN
FP TN+

TP
TP FP+

TN
FN TN+

Birth Death

Apparent increase in survival

Survival

Positive
screen

Symptoms and
clinical

presentation

       . Fig. 16.2 An illustration of lead-time bias. The screening test 
detects the presence of cancer, but the disease is already incurable and 
life is not prolonged (see text for explanations)

Survival

Birth

Survival

Treatment

Birth Death

True increase
in survival

Positive
screen

a

b

Symptoms and
clinical

presentation

       . Fig. 16.3 An illustration of an effective screening program. The 
screening test detects disease at an early stage when treatment is 
effective, and life is prolonged (see text for explanations)
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cancer where the PSA test (for prostate-specific antigen) may 
be too sensitive and may also lack specificity.

16.2.3  Evaluation of a Screening Program

Although a test may have adequate sensitivity and specificity, 
it must also be demonstrated that it is able to detect relevant 
lesions in the context of a screening program and that the 
program achieves the desired objectives for successful imple-
mentation (. Table 16.1) [3, 4]. In particular, it is expected 
that a screening program for cancer will reduce mortality 
and morbidity, and ideally this should be tested in a prospec-
tive randomized controlled trial (RCT). In such a project, 
populations are randomized to a screened and non-screened 
group and the mortality is compared [9]. The primary out-
come is a significant reduction in mortality in the whole 
population that was offered screening. In reality, RCTs of this 
scale are very difficult to carry out, since they must often 
involve hundreds of thousands of subjects with follow-up 
long enough to determine mortality  – usually for about 
10  years. The number of participants needed is greater for 
cancers with a low prevalence such as oral cancer. Few RCTs 
of this nature have been undertaken, but one, in the context 
of oral cancer, will be discussed in a subsequent section. 
Alternative research methods include retrospective cohort 
studies, where the incidence of disease and mortality in a 
population that has been offered screening are compared to a 
population that has not been screened. A similar study design 
may compare the same population before and after the 
implementation of the screening program. Cervical cancer is 
of relatively low incidence, and the effectiveness of screening 
programs has mostly been determined in retrospective 
cohort studies. Breast and bowel cancer screening however 
have been evaluated in RCTs, since the diseases have high 
incidence and the number of subjects required may be less 
than 100,000 [10]. RCTs for prostate cancer screening are 
currently ongoing [11].

Once a screening program has been introduced, or is 
under evaluation, a number of interim or surrogate measures 
can be applied that can suggest whether or not the program 
is likely to bring about a satisfactory outcome [9, 12] 
(. Table 16.5).

16.3  Screening for Oral Cancer

16.3.1  Is Oral Cancer an Important Health 
Problem?

Worldwide, there are an estimated 300,000 new cases of oral 
cancer per annum and145,400 deaths, making it one of the 
most common cancers [13, 14]. Although there are wide 
variations in incidence, overall about two-thirds of cases 
occur in the developing world [14]. There is also good evi-
dence that oral cancer is increasing in incidence throughout 
the world [13] with significant increases in younger people. In 

recent decades, there have been some major advances in 
treatment, but despite this, the 5-year survival rate has not 
improved and remains at about 50%. The most important rea-
son for this, even in developed countries, is diagnostic delay, 
with more than 60% of patients presenting with late- stage 
disease (stages III/IV) [15], when complex multimodality 
therapy may be needed. Cancers detected when they are small 
or at an early stage however can be treated by simple surgery, 
with a good chance of cure. For example, in a UK study, the 
5-year survival for stage I oral cancer was 96%, while patients 
presenting at stage IV had only 57% survival [16].

The majority of oral cancers are preceded by a clinically 
detectable potentially malignant lesion, the most common of 
which is a white patch or leukoplakia [17]. This suggests that 
a screening program to detect preinvasive disease may also 
be feasible and may reduce the incidence of established 
lesions of oral cancer.

       . Table 16.5 Interim or surrogate measures that can be used 
to monitor the success and progress of a screening program

Measure Description

Yield of disease The number of cases of cancer detected 
when a population is first screened should 
exceed the expected incidence. This is 
because the screening test should detect 
cancers and precancers in a pool of 
undetected cases

Disease stage 
(stage shift)

The screen-detected cancers should have a 
higher proportion of early-stage lesions than 
normally seen in the unscreened population 
(a shift to lower stage). Over time, the 
incidence of advanced cancers in the 
population should fall – an early indicator of 
a reduction in mortality

Participation 
rate (compli-
ance)

This measures the proportion of the 
population who take up the offer of 
screening. If compliance is low, then the 
screening program is unlikely to demon-
strate any benefit

Sensitivity and 
specificity of 
the test

This determines if the test is likely to detect 
cancer with an adequate degree of accuracy. 
During a screening program, the sensitivity 
of the test is continually monitored and the 
number of false negatives includes cases of 
cancer which present symptomatically after 
a negative test (interval cases). If this causes 
a reduction in sensitivity, the program may 
not achieve its aims

Effective follow-
 up and 
treatment

The screening program cannot reduce 
mortality if the treatment for detected 
lesions is inadequate. This is not usually a 
problem in programs designed to only 
detect early cancers but is a particular 
problem when the program is also designed 
to detect premalignant lesions, the 
management of which may be uncertain

Screening for Oral Cancer
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Taken together, these data show that oral cancer is a sig-
nificant health problem and that screening is feasible since 
there is good evidence for a detectable premalignant lesion 
and early detection of established cancers should result in 
improved survival. The disease appears to meet the first 
four principles suggested by Wilson and Jungner 
(. Table 16.1) [3].

16.3.2  Evaluation of a Screening Test 
for Oral Cancer

The efficacy of a screening test is ideally determined by mea-
sures of sensitivity and specificity, as discussed in 7 Section 
16.2.1. The most widely studied test for oral cancer screening 
has been a conventional oral examination. However, only 
nine studies have been reported that have properly deter-
mined the sensitivity and specificity by retesting negative 
cases against the gold-standard diagnosis [18–26]. These are 
summarized in . Table 16.6. In all studies, the criterion for a 
positive screen was the finding of a persistent red or white 
lesion or ulcer, which encompassed a range of lesions 
regarded as potentially malignant, including leukoplakia, 
erythroplakia, lichen planus, and submucous fibrosis. 
However, other nonrelevant lesions, for example, benign 
hyperkeratotic lesions, may have been regarded as positive. 
In most studies, the screen was carried out by a dental profes-
sional, but some used trained nonmedical or non-dental 
healthcare workers [23–25], with similar results.

Walsh et al. [27] undertook a Cochrane systematic review 
of test accuracy that reviewed a number of these studies 
[18–25] and found a variable degree of sensitivity (0.50 to 
0.99) but a consistently high value for specificity (greater 
than 0.80). They also examined vital staining, light-based 
detection (including fluorescence), biomarkers, and mouth 
self-examination as potential screening tests but found insuf-
ficient evidence to determine their test accuracy. A meta-

analysis of some of these studies [28] found pooled values of 
sensitivity of 0.85 (95%CI; 0.73–0.92) and specificity of 0.97 
(95%CI; 0.93–0.98).

These analyses have shown that an oral examination can 
correctly identify oral lesions with a sensitivity and specific-
ity of 0.8 or greater, which is regarded as acceptable and is 
similar to the test performance in established screening  
programs [9]. These data further support the view that oral 
cancer screening may be feasible and that both dentists and 
trained healthcare workers can accurately detect oral lesions 
(. Table 16.6).

16.3.3  Application of an Oral Examination 
as a Screening Test

Although an oral examination may show a satisfactory degree 
of accuracy and reproducibility, the use of this as a test in a 
real-world screening scenario is controversial. As discussed 
above, most research studies have reported using the presence 
of an oral potentially malignant disorder or early oral cancer 
as the criteria for a positive screen. The lesion most often 
detected in screening studies is a white patch or leukoplakia, 
which is a common lesion with an estimated global prevalence 
of 2.6% [17, 29], but its natural history is not fully understood 
since progression to cancer is not predictable and it is almost 
impossible to clearly categorize which lesions will transform 
to cancer [30]. In addition, the overall malignant transforma-
tion rate is estimated to be less than 5% [31]. Lesions at the 
highest risk may have a nonhomogeneous surface and show 
evidence of epithelial dysplasia on biopsy [31–33], but these 
features may not be evident on screening and may not be suit-
able for a screening test. In real terms, up to 95% of the lesions 
detected by oral examination may not progress to malignancy 
and a white patch cannot therefore be used as the criteria for a 
positive test that should only detect lesions with the highest 
probability of progressing to cancer. It is not economically fea-

       . Table 16.6 Published evaluations of an oral examination as a screening test

Country n %positive Sensitivity Specificity PPV NPV

Taiwan 13,606 2.1 0.99 0.99 0.62 0.99 Chang et al. [18]

United Kingdom 309 5.5 0.71 0.99 0.86 0.98 Downer et al. [19]

Japan 154 9.7 0.60 0.94 0.67 0.96 Ikeda et al. [20]

United Kingdom 2027 2.7 0.74 0.99 0.67 0.99 Jullien et al. [21]

India 2069 10.3 0.94 0.98 0.87 0.99 Mathew et al. [22]

India 1921 1.4 0.59 0.98 0.31 0.99 Mehta et al. [23]

Sri Lanka 1872 4.2 0.95 0.81 0.58 0.98 Warnakulasuriya et al. [24]

Portugal 727 3.4 0.96 0.98 0.96 0.98 Monteiro et al. [25]

Japan 137a 68 0.92 0.64 0.78 0.86 Nagao et al. [26]

aTotal screened was 19,065, but calculations are based only on subjects who attended for a second examination
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sible to treat all screen-detected white patches in the hope that 
the less than 5% that may have progressed will be included. 
This is a major barrier for the implementation of an oral can-
cer screening program, since principle 7 (. Table 16.1) is not 
met and therefore principles 4 and 5 are also in doubt. There is 
therefore an urgent need to find a new test for oral cancer 
screening that will detect only lesions that are most likely to 
progress to cancer. At the present time, no biomarkers have 
been shown to accurately predict which oral potentially 
malignant lesions may progress to cancer, and none have been 
found suitable for a screening test [32–34].

There are many recent studies that have described a num-
ber of new tests or adjunctive techniques designed to assist 
clinical diagnosis, including vital staining (toluidine blue), 
light-based techniques (usually using fluorescence), mouth 
self-examination, and some cytological methods. However, 
most have been used as diagnostic aids in secondary care 
environments, but none have been evaluated for use in sub-
jects who are otherwise asymptomatic or evaluated in the 
context of oral cancer screening [35]. A Cochrane systematic 
review found that none of the adjunctive tests were suitable 
for use as a screening test or can be used as a substitute for the 
current diagnostic standard of a biopsy and histological 
examination [36]. Lingen et  al. [37] have updated this 
Cochrane review on behalf of the American Dental 
Association. They undertook a detailed review and meta-
analysis of 46 studies that evaluated the diagnostic test accu-
racy of more than ten different adjunctive methods for use in 
primary care settings. They found that, with the exception of 
cytological studies, adjunctive tests showed pooled sensitivi-
ties of 0.00 to 0.90 and specificities of 0.31 to 0.76. The authors 
concluded that the overall low specificities and high rate of 
false positives raised doubts about the potential benefits of 
adjunctive tests. They did however suggest that cytology had 
potential as a test for both innocuous and suspicious lesions 
with pooled sensitivities of 0.95 (CI: 0.86–0.99) and 0.90 (CI: 
0.86–0.98), respectively. Corresponding specificities were 
0.90 (CI: 0.79–0.97) and 0.94 (CI: 0.88–0.99). However, the 
quality of the evidence was low, and it should be noted that 
none of the methods were evaluated as potential screening 
tests for use on otherwise symptomless individuals. These 
date show that none of these adjuncts have been found to 
have adequate diagnostic test accuracy for the routine evalu-
ation of oral potentially malignant lesions, and they have not 
been recommended for use in routine clinical practice [38] 
or for screening [39].

At the present time therefore, although it is possible to 
accurately detect oral lesions, the criteria for a positive oral 
examination are not suitable to detect those lesions with the 
highest probability of progressing to malignancy. A major 
research priority is to further understand the natural history 
of the progression of oral lesions to cancer and to find bio-
markers or clinical tests that can be used to identify truly 
premalignant oral lesions. A further challenge will be to find 
a test that can be applied to apparently clinically normal sub-
jects for the detection of potentially malignant lesions or 
occult oral cancers.

16.3.4  Screening Programs for Oral Cancer

Screening programs for oral cancer have been the subject of 
a number of research projects, but only two countries, 
Taiwan and Cuba, have implemented any sort of formally 
organized oral cancer control programs. Cuba recognizes 
that oral cancer screening may not reduce mortality [40] 
but nevertheless have introduced a national oral cancer 
case-finding program [41]. The strategy involves an annual 
oral examination and teaching oral self-examination for the 
whole population and opportunistic case-finding for high-
risk individuals over 35 years [40]. Originally, the program 
recruited all individuals over age 15  years, but there have 
been no published evaluations since 1997 [41, 42]. Between 
1982 and 1990, over ten million people were examined and 
30,478 (0.3%) were referred with an oral abnormality. Only 
27% (8259) complied, but the yield of lesions included 481 
squamous cell carcinomas and 127 other oral malignancies. 
There were also 3220 oral potentially malignant lesions 
including 2367 leukoplakias. The only reported outcome 
measure was a stage shift (. Table 16.5) with the proportion 
of lesions detected at stage I increasing from 22.8% in 1982 
to 48.2% in 1988 [41]. Although this suggests a successful 
program, the improvement in stage was only analyzed in 
the cases detected from within the program, and not for the 
population as a whole. Others have noted [42] that the pro-
gram only actually identified 16% of the incident oral can-
cers over the period and that there was no overall change in 
mortality or morbidity in Cuba. No data has been published 
since 1997, and it is not possible to assess the ongoing status 
of the program [40].

Taiwan has a very high prevalence of oral potentially 
malignant disorders, in particular oral submucous fibrosis, as 
a result of the common habit of chewing betel quid (areca 
nut) [43]. Over a 3-year period, 1999–2001, a large project 
evaluated a multiple disease screening program in Keelung 
County, Taiwan, which included an oral examination for oral 
submucous fibrosis or leukoplakia [44]. About 10,500 sub-
jects who used betel quid, tobacco, or alcohol received an 
oral examination, and in 285 (2.7%), a lesion was detected. 
After referral, a total of 116 lesions (1.08%) were diagnosed, 
including 2 cases of oral cancer, 23 oral submucous fibrosis, 
and 86 leukoplakias. Following this trial, national screening 
programs for cervical, breast, oral, and colorectal cancer were 
introduced and are ongoing [45]. A fuller evaluation of the 
oral cancer screening outcomes was reported in 2016 and 
will be discussed in the following section.

16.3.5  Evaluation of Oral Cancer Screening 
Programs

The ideal test of the effectiveness of a screening program is a 
randomized controlled trial with a primary outcome mea-
sure of reduced mortality. In a Cochrane systematic review, 
Brocklehurst et al. [46] found 30 potentially eligible studies 
investigating oral cancer screening, but only one of these was 
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a controlled trial that met the inclusion criteria. All other 
studies were uncontrolled, were observational only, or were 
reviews. Thus, to date, there has only ever been one properly 
conducted randomized controlled trial to evaluate the effec-
tiveness of an oral cancer screening program.

This oral cancer screening trial was undertaken in Kerala, 
India, and has been reported in a series of papers [47–51]. 
From 1994 to 2009, the investigators carried out four rounds 
of screening in a community-based trial where 13 munici-
palities were randomized to give an intervention (screened) 
population and a control (not screened) population, each of 
almost 100,000 subjects. Healthy residents 35 years of age or 
over were examined by trained nonmedical university gradu-
ates who carried out a visual oral examination of each sub-
ject. The criteria for a positive screen were the presence of a 
potentially malignant disorder (including white/red lesions, 
oral submucous fibrosis, and lichen planus) or of an ulcer 
suspected to be malignant.

After three rounds of screening, it was reported that 
87,655 (91%) subjects in the intervention group were 
screened at least once and 6.55% were found to be positive 
[48]. Overall 205 oral cancers were diagnosed in the inter-
vention group (131 screen-detected, 59 interval cancers, and 
15 nonparticipants), compared to 158 in the control group. 
They found that 5-year survival was significantly different 
between the two groups with 50% in the intervention arm 
and 34% in the control arm. They also found evidence of a 
significant stage shift, with 42% of cases in the intervention 
arm diagnosed early (in stages I and II), compared to only 
23% in the control arm. However, there was no significant 
reduction in mortality in the population as a whole. Deaths 
from oral cancer were 37.6% in the intervention arm (77 
individuals) and 55% (87 individuals) in the control arm, but 
this difference was not significant. The authors further ana-
lyzed their data to determine the outcome if only high-risk 
groups had been screened. They found a significant reduc-
tion in mortality, from 42.9% to 24.6%, in males who used 
tobacco and/or alcohol. Among females there was no signifi-
cant reduction in mortality.

After four rounds of screening, completed in 2009 [50], 
there was a significant improvement in 5- and 10-year sur-
vival rates and in early detection (stage shift). However, 
there was still no significant reduction in death rates or 
reduced mortality in the population. This suggests that the 
improvements in survival were due to lead-time bias (see 
7 Section 16.2.2) and that the overall screening program 
had not been effective. However, the authors did find a sig-
nificant reduction in mortality among those subjects who 
had attended all four cycles of screening. The death rate in 
the intervention arm was 17.1 per 100,000 and reduced to 
3.0 per 100,000 in the control arm. In the high-risk group, 
the corresponding rates were 39 per 100,000 and 7.1 per 
100,000. The authors suggested that targeted or opportu-
nistic screening of high- risk groups may be effective. 
However, the fact that only 19,288 subjects (20%) com-
pleted all four cycles of the program means that the effect 

on oral cancer incidence or mortality on the population as 
a whole was slight.

The authors of the Kerala study concluded that opportu-
nistic screening of high-risk groups should be considered as 
an effective intervention to reduce incidence and mortality of 
oral cancer [50, 51]. The Cochrane review [46] acknowledged 
the significant findings of the Kerala study but, on critical 
examination, found a number of methodological weaknesses 
that reduced the validity of the findings. They concluded that 
there was insufficient evidence to recommend population- 
based screening programs for oral cancer.

Alternatives to a full randomized controlled trial include 
retrospective analyses or evaluation of demonstration stud-
ies (7 Section 16.2.3). Following the implementation of 
screening in Taiwan (7 Section 16.3.4 [44, 45]), the program 
was evaluated by comparing the outcomes in the popula-
tion cohort who attended for screening with those who did 
not attend [52]. Between 2004 and 2009, a total of more 
than 4.2 million individuals aged 18 years or over, who were 
smokers and/or betel quid users, were invited for a biennial 
oral examination by a trained dentist or physician. Fifty-
five percent (2,334,299 individuals) attended for screening, 
and 18,116 (0.8%) were found to have a positive lesion 
including 4110 oral cancers at the first screen. The main 
outcome measures relevant to a screening program were 
yield of lesions, incidence of invasive cancers, stage shift, 
and mortality. In the screened group (“attendees”; 
n = 2,334,299), the yield of lesions was directly observed, 
but other parameters, including incidence of interval can-
cers, stage at presentation, and survival, were obtained from 
the national registries of cancer or deaths, with a median 
follow-up period of 4.5  years. The non-screened group 
comprised those individuals who had not accepted the invi-
tation to be examined (“non-attendees”; n  =  1,900,094). 
However, because information was not available to confirm 
the high-risk habits of this group, the expected incidence of 
disease, stage of presentation, and mortality rates were cal-
culated from cancer registry data, based on an estimate that 
90% of oral cancers arose in those who smoked or chewed 
betel quid. The effectiveness of the program was then esti-
mated using the observed values in the screened group and 
the expected values of the non-screened group. Overall, the 
data showed good evidence that the screening program was 
effective. The total number of oral cancers in the screened 
group, including cases detected at subsequent screens and 
interval cases, was 8033 with an annual incidence of 133.4 
per 100,000. This was significantly lower than the incidence 
in the non-screened group (190.9 per 100,000). There was 
evidence of a significant stage shift, with 46.5% of cases pre-
senting in stages I and II in the screened group compared to 
39.6% in the non-screened group. The study also showed a 
26% reduction in mortality in the screened group (RR vs. 
non-screened: 0.74; CI, 0.72–0.77).

The results of this Taiwan study support the findings from 
the Kerala project and provide further evidence that screen-
ing may reduce mortality from oral cancer among high-risk 
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groups. The study also presents important new data showing 
that the screened population had a reduced incidence of 
invasive oral cancers after only 5 years. This suggests that the 
early detection and treatment of potentially malignant lesions 
may prevent malignant transformation. The potentially 
malignant lesions included as positive were leukoplakia, 
erythroleukoplakia, erythroplakia, oral submucous fibrosis, 
and verrucous hyperplasia, but the authors do not indicate 
how the lesions were treated.

Neither study was able to show that a national screening 
program is able to reduce mortally from oral cancer in the 
population as a whole. Further RCTs may be needed to pro-
vide more robust evidence to support oral cancer screening, 
but as can be seen from these studies and from the previous 
discussion (7 Section 16.2.3), this is a major undertaking 
requiring significant resource and large numbers of subjects 
followed over a long period. Few funding bodies or govern-
ments are likely to support a project of the standard and scale 
of the Kerala study.

16.4  Cost-Effectiveness of Cancer Screening

16.4.1  Principles of Cost-Effectiveness 
Analysis and Thresholds

When considering the implementation of a screening pro-
gram, a major consideration (principle 9 in . Table 16.1) is 
that it should be cost-effective. The most common method 
used to determine the value of a new healthcare interven-
tion is to undertake a cost-effectiveness analysis. This 
assesses if the health benefits obtained from the interven-
tion are sufficient to justify the costs. When evaluating a 
cancer screening program, the benefits are measured in the 
number of lives saved, but in order to be able to give a 
reproducible and comparable measure, the lives saved are 
expressed in the number of years adjusted using a measure 
of perceived quality of life (health-state utilities [53]) and 
are expressed as quality- adjusted life years (QALYs) [54]. In 
a screened population, the total number of additional 
QALYs gained as a result of early detection can be com-
pared to the number of QALYs in the non-screened popula-
tion and can be costed. The resulting measure is called the 
incremental cost-effectiveness ratio (ICER) and represents 
the additional cost for each QALY saved in the population. 
There is no expectation that the ICER will be zero or nega-
tive, but it is expected that the cost of saving lives through 
screening will be within the resources available and will 
have a beneficial effect on the health system as a whole. 
Thus, a government may set a cost-effectiveness threshold 
on what they (or the taxpayer) are prepared to spend on a 
new healthcare intervention [55]. This threshold is likely to 
be lower in low- and middle-income countries than in 
high-income countries [55]. In the United Kingdom and 
the United States, the thresholds are set at about £20,000 to 
£30,000 and $50,000, respectively [56, 57].

16.4.2  Cost-Effectiveness of Oral Cancer 
Screening Programs

In the Kerala screening study, the research group undertook 
a detailed analysis of the costs of the program and was able to 
calculate the ICER [51]. They showed that the screening pro-
gram produced a benefit of 270 life years saved per 100,000 
for the whole population and 1438 life years for the high-risk 
groups. The incremental cost per life-year saved was US$835 
for the whole screened population, but it decreased to 
US$156 for the high-risk group only. This cost is within the 
range considered acceptable in a low-middle-income coun-
try and suggests that opportunistic screening of high-risk 
groups may be feasible and cost-effective [50, 51]. However, 
it must be noted that there has not been an RCT or formal 
cost-effectiveness analysis in any high-income country or 
low-prevalence population.

An alternative to a fully costed clinical trial is to simulate 
a screening program using computer modeling. Speight et al. 
[58] used simulation modeling to evaluate the outcome of 
screening on a population of 100,000 people over the age of 
40 years. The model was a decision tree analysis informed by 
published NHS costs and using data on disease prevalence, 
malignant transformation, and test performance from previ-
ously published research. The modeling showed that whole- 
population screening was unlikely to be cost-effective but 
that targeting high-risk groups for opportunistic screening in 
medical or dental primary care may be cost-effective. They 
found that the ICER for an opportunistic high-risk screen 
was £22,850 by primary care dentist and £23,728 by a general 
medical practitioner. These costs assumed that detection and 
treatment of potentially malignant lesions would have no 
effect on disease progression. If the model assumed malig-
nant transformation was reduced by 10% or 20%, the ICERs 
for opportunistic screening by a dentist were reduced to 
£18,919 and £15,790, respectively. These costs are below the 
cost-effectiveness threshold set by the United Kingdom and 
the United States [56, 57] and suggest that opportunistic 
high-risk screening in primary dental or medical care set-
tings may be a cost-effective strategy.

However, the simulation model assumed that detection of 
potentially malignant lesions may prevent further disease 
progression and reduce the incidence of invasive cancers. In 
their literature reviews, Speight et  al. [58] found little evi-
dence that this is the case and undertook a value of informa-
tion analysis, which estimates the value of future research 
that could be undertaken to reduce the uncertainty in the 
data. The analysis showed that the most valuable research 
should be directed at studies of the natural history of the oral 
cancer  – in particular to determine the exact malignant 
transformation rates of individual potentially malignant dis-
orders and the rate of disease progression of established 
lesions of oral cancer. Further research was also needed on 
cancer referral pathways from primary to secondary care and 
the identification of sources of delay and how to prevent 
them.
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16.4.3  Opportunistic Screening for Oral 
Cancer

The evidence discussed in 7 Sections 16.3.5 and 16.4.2 sug-
gests that opportunistic screening of the oral cavity by 
visual examination in high-risk groups may be cost-effec-
tive and may provide an effective strategy for oral cancer 
screening. However, there are few studies on the ideal envi-
ronment for undertaking opportunistic screening. In their 
simulation modeling, Speight et  al. [58] suggested that 
patients attending either a medical or dental practitioner 
could be effectively screened, but these estimates were 
based on attendance rates and disease prevalence. They did 
not account for the additional training that would be neces-
sary to enable medical practitioners to examine the oral 
cavity. Since dentists are already trained, it seems intuitive 
that opportunistic screening in dental primary care, when a 
patient attends for a routine “checkup,” would be the most 
effective strategy. However, there is evidence that those 
thought to be at the highest risk of oral cancer, especially 
males over 40 who smoke and/or drink, are the least likely 
to attend for regular dental checkups [59]. Yusof et al. [60] 
analyzed patterns of attendance for regular dental checkups 
over a 10-year period and found that males over 40 years, 
who belonged to lower socioeconomic groups, and who 
were heavy smokers were less likely to attend than females, 
younger people, nonsmokers, and those from a higher 
socioeconomic class. These studies concluded that oppor-
tunistic screening is unlikely to be an effective strategy for 
early detection or prevention of oral cancer. Further 
research is needed to more fully understand the patient 
pathway to secondary care and to establish the frequency 
and nature of contacts that patients with oral cancer have 
had with a full range of healthcare professionals. This may 
identify more ideal sites for opportunistic screening by a 
wider range of healthcare workers. Integration of oral can-
cer screening with general health screening or with other 
cancer screening programs was found to be effective in 
Taiwan [44, 45, 52], but when trialed in a Japanese popula-
tion, it was associated with low compliance among the 
elderly and a low yield of lesions, and regular smokers were 
less likely to attend for rescreening [26, 61, 62]. The Japanese 
screening program did however find that annual screening 
could detect new oral potentially malignant lesions in the 
screened population. Poor attendance for screening or reg-
ular checkups may also be related to a lack of awareness of 
the signs of oral cancer and its causes, meaning that indi-
viduals may not be aware that they are at high risk [63] and 
may not appreciate the importance of regular attendance. 
Research on attendance patterns may be helpful, but more 
health education on risk factors and the importance of oral 
health is needed. There is good evidence that health promo-
tion aimed at smoking cessation may be effective in reduc-
ing the incidence of oral cancer [64] but also that regular 
dental attendance is associated with diagnosis of oral cancer 
at an earlier stage [65].

16.5  Conclusion and Future Perspectives

Overall, it appears clear that oral cancer is a significant health 
problem and that screening for oral cancer and for poten-
tially malignant lesions is feasible. However, there are consid-
erable barriers to the implementation of any sort of formal 
screening program. Although principle 1 suggested by 
Wilson and Jungner (. Table 16.1) [3] is met, the evidence 
for the other key principles is lacking or inconclusive. The 
main barriers and potential solutions and research priorities 
are summarized in . Table 16.7.

Eyecatcher

Criteria for implementing screening for a disease require 
that the benefits and advantages of screening outweigh 
the disadvantages and any potential physical or 
psychological harm to subjects.

16.5.1  The Natural History of Oral Cancer 
and Precancer

Although there is good evidence that an oral examination 
can detect potentially malignant lesions with a sensitivity and 
specificity sufficient to justify it as a screening test, the cur-
rently used criteria for a positive test are not sufficiently spe-
cific to identify only those lesions that have the highest 
probability of progression to cancer, since only about 5% of 
the most commonly detected lesions (leukoplakia) are 
expected to transform [30–32]. Even for those that will prog-
ress, studies have shown that the main source of uncertainty 
in determining the outcomes of an oral cancer screening pro-
gram was a lack of knowledge of malignant transformation 
rates and disease progression [58].Currently, there are no 
biomarkers or accurate indicators of which lesions are most 
likely to progress (7 Section 16.3.3). Further research is 
needed on the natural history of oral cancer, the development 
of biomarkers, and the feasibility of commercially available 
clinical tests and adjunctive aids, all of which will help to 
inform the development of more accurate tests.

16.5.2  The Management of Screen-Detected 
Lesions

A further consideration is principle 2 (. Table  16.1). 
Although there are well established protocols for the man-
agement of oral cancer, the treatment for potentially malig-
nant disorders remains controversial. Holmstrup et  al. [66, 
67] showed that surgical removal of potentially malignant 
lesions did not prevent the development of oral cancer and 
suggested that this was because the clinically detectable 
lesion only represents one small part of a whole field of 
altered oral mucosa, any area of which could progress to 
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malignancy. A systematic review of interventions for treating 
leukoplakia [68] found few randomized controlled trials and 
a lack of evidence that any treatment options, including sur-
gical intervention and preventive chemotherapy, are effective 
in reducing progression to oral cancer. A further systematic 
review on the surgical management of lesions shown to be 
dysplastic found evidence that surgery reduces malignant 
transformation rates [69], but the authors could not find any 
properly conducted trials. Holmstrup [70, 71] has high-
lighted this lack of evidence for the effectiveness of surgery 
for the treatment of oral precancer and has drawn attention 
to the urgent need for randomized controlled trials with 
long-term follow-up to establish optimal treatment proto-
cols.

16.5.3  Identification of High-Risk Groups 
and the Potential of mHealth

It also remains to be determined who should be screened and 
where. The evidence discussed in 7 Section 16.4.3 suggests 
that opportunistic screening of high-risk groups may be cost- 
effective and may provide an effective strategy for oral cancer 
screening, but it is not certain that opportunistic screening 

would be effective in a primary care setting. To make oppor-
tunistic screening more effective, methods are needed for the 
easy identification of high-risk groups so that dentists can 
appropriately target those most likely to have lesions. Apart 
from issues of health education [63, 64], this could be done 
using a simple patient checklist that enquires about tobacco 
and alcohol habits [72, 73]. Lim et al. [73] conducted a dem-
onstration project of opportunistic screening in a group of 
selected general dental practices and used a patient checklist, 
which showed a strong correlation between self-reported 
habits of tobacco and alcohol use and the presence of oral 
potentially malignant lesions.

Another effective way of identifying high-risk individu-
als may be to use artificial intelligence (AI) systems. These 
have been developed to support oral cancer screening and 
have been shown to be effective in identifying those at the 
highest risk of having lesions [74, 75]. An advantage of 
using AI is that it can be embedded into a standard comput-
erized system for medical history taking and internal algo-
rithms can accurately flag patients at different levels of risk 
[75]. Such a system could also be used in any setting (e.g., in 
a pharmacy or any waiting area) or be made available as a 
smartphone app, allowing patients to anonymously self-
identify as high risk and seek advice. The use of mobile 

       . Table 16.7 Barriers to the implementation of a screening program for oral cancer, with possible solutions and suggested areas of 
research

Barrier Possible solutions Research priorities

The natural history of oral cancer and precancer

Only about 5% of screen-detected lesions may 
progress to cancer. The natural history of lesions 
is poorly understood

Need more accurate tests that will 
detect those lesions that are most likely 
to be malignant or potentially malignant

Studies of malignant transformation rates
Development and testing of adjunctive 
clinical tests and molecular biomarkers 
which identify the high-risk lesions

The management of screen-detected lesions

Lack of agreement on the effectiveness of 
treatment for potentially malignant lesions

Establish clear, globally agreed protocols 
for the diagnosis and management of 
leukoplakia and other potentially 
malignant lesions

Prospective randomized controlled trials 
are needed

Identification and targeting of high-risk groups

Methods for identifying and targeting high-risk 
groups may not be effective

Provide health education and resources 
for high-risk individuals to self-identify 
and attend for screening

Evaluate education programs and artificial 
intelligence as ways of supporting people 
to understand the risks

Opportunistic screening may work, but the best 
environment for this is not agreed. Regulatory 
bodies may restrict what type of healthcare 
workers are permitted to examine the mouth

Provide screening in a variety of 
environments also utilizing nonmedical 
or dental healthcare workers
Utilize mHealth to support clinical 
decision-making and facilitate screening 
programs

Clinical trials to evaluate the effectiveness 
of screening by different types of 
healthcare practitioners workings in 
populations with low and high disease 
prevalence
Evaluate mHealth systems to support 
screening programs

Screening programmes may not work, and there 
appears to be a high risk of lead-time bias

Solutions relate to the accuracy of the 
test and criteria for a positive result.

Programs need to be tested, ideally in 
randomized controlled trials. But 
demonstration studies and simulation 
modeling may also be informative
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phones (“mHealth”) is providing many new opportunities 
in the delivery of healthcare, especially in low- and middle-
income countries and “last-mile” rural communities [76]. It 
is estimated that 97% of the world’s population live within 
reach of a mobile phone signal and mobile phones are 
increasingly being used to support cancer control programs 
by improving communications, enhancing attendance and 
compliance, and facilitating data collection and decision 
support [76].

Birur et  al. [77] have described a mobile phone-based 
oral cancer detection program using a hub and node model 
based on Bangalore, India. The mHealth system enabled 
remote dentists and frontline healthcare workers to input 
demographic and risk factor data and clinical photographs 
into a mobile phone app, linked directly to oral cancer spe-
cialist at a cancer center. Built-in algorithms identified high- 
risk patients for targeted examinations and follow-up, and 
any lesions detected were photographed and uploaded for 
interpretation by the center specialists. If a lesion met the cri-
teria for a potentially malignant or malignant lesion, the spe-
cialist sent instructions for referral and follow-up. Two 
thousand patients were targeted for examination by health-
care workers, and 1440 were examined opportunistically by 
dentists, with a yield of 130 (6.5%) and 106 (7.36%) lesions in 
each group, respectively. The remote diagnosis was con-
firmed by the oral cancer specialist in 45% of cases photo-
graphed by the healthcare workers and in 100% of cases 
photographed by the dentists. However, of a total of 129 
patients referred for biopsy and histological evaluation, only 
62 attended: 1 (4%) from the targeted population and 61 
(57%) referred by the dentists. Of the 61 lesions referred by 
the dentists, there was a high rate of true positives, with 49 
shown to be dysplastic and 5 proving to be squamous cell 
carcinomas. A similar study in Malaysia [78] evaluated 
mobile phone imaging for early detection of oral cancer in 16 
individuals. Lesions and normal areas of mucosa were photo-
graphed, and diagnoses on the images were compared to a 
gold-standard clinical examination by a specialist. Sensitivity 
exceeded 70% and specificity was 100%. Together, these stud-
ies show the potential of mHealth systems to support cancer 
screening and to improve the efficiency of early detection of 
oral potentially malignant or malignant lesions.

16.6  Conclusion

This chapter reviews the principles of cancer screening and 
discusses the currently available evidence for the effective-
ness of oral cancer screening programs. It is noted that no 
oral cancer screening program has yet been shown to be 
effective and no country has formally introduced a national 
program. Much work, however, has been done and there is 
evidence that screening is feasible. More research is needed 
to refine screening tests and to determine the optimal screen-
ing environment and ways to target appropriate population 
groups.
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