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Risk factors for leukoplakia and malignant
transformation to oral carcinoma: a leukoplakia cohort
in Taiwan
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Summary The effects of betel nut chewing, smoking and alcohol on the occurrence of leukoplakia and its malignant transformation to oral
carcinoma were quantified in a leukoplakia cohort (n = 435) from one medical centre between 1988 and 1998 in Taiwan. Sixty oral carcinomas
were ascertained in this cohort. A case—control study within the leukoplakia cohort was used to study, risk factors. Using the Weibull survival
model, the incidence of malignant transformation of leukoplakia was shown to increase with follow-up years. After adjustment for other
relevant risk factors, betel nut chewing (adjusted odds ratio (OR) = 4.59; 95% confidence interval (Cl) 1.25-16.86) remained a significant risk
factor for malignant transformation. Results from the case—control study showed that the adjusted odds ratios for betel nut chewing and
smoking on the occurrence of leukoplakia were 17.43 (95% Cl 1.94-156.27) and 3.22 (95% CI 1.06-9.78), respectively. Similar findings were
observed when daily frequency and duration were taken into account. This implies that cessation of smoking may reduce by 36% leukoplakia
cases, while elimination of betel nuts may prevent 62% of leukoplakia and 26% of malignant transformation to oral carcinoma in the
underlying population. © 2000 Cancer Research Campaign
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In Taiwan, the mortality from oral cancer has increased from 3.flakia, taking the daily frequency and the duration of three factors
per 1000 in 1971 to 6.4 per 100 000 in 1994. Prevention of orahto account; and (2) to assess the impact of relevant risk factors
cancer seems imperative. It is not feasible to detect oral cancess malignant transformation to oral carcinoma, using samples
early (Silverman, 1988; Shanta and Krishnamurthi, 1980) androm certain Chinese people in Taiwan.
mass screening for oral cancer has not been recommended
(Warnakulasuriya and Johnson, 1996). Primary prevention vi
programmes to eliminate risk factors may become importan ATERIALS AND METHODS
(Warnakulasuriya and Johnson, 1996). Previous studies hav
demonstrated that smoking was highly associated with leukoplaki
(Bouquot, 1987; Roed-Petersen, 1982; Brugere et al, 198@&ccording to the WHO definition, a clinical diagnosis of leuko-
Evstifeeva and Zaridze, 1992) but whether betel nut — containinglakia is a keratotic white plaque that cannot be scraped off and
arecoline, lime and piper (one kind of pepper) — was significanthcannot be given another specific diagnosis. Oral cancer is classi-
related to leukoplakia has not been fully addressed. Since tHied by the ICD into categories of lip, tongue, gum, mouth floor,
consumption of betel nut in Taiwan has been increasing, elucidduccal, palate, oropharynx, hypopharynx (International Code of
tion of any association is becoming increasingly important. Thé®isease, ICD 140-149, excluding 142—147).
association between alcohol consumption and leukoplakia is also A total of 580 cases of leukoplakia diagnosed between June 1988
inconclusive (Blot et al, 1988; Brugere et al, 1986; Evstifeeva an@nd February 1998 at one medical centre in Taiwan were ascer-
Zaridze, 1992). tained. Of these, 145 patients who were subsequently diagnosed a
Previous studies have shown a wide range of rates of malignahtving lichen planus, oral ulcer, infection, oral candidiasis or skin
transformation of leukoplakia (0.13-36.4%) (Pindborg et al, 1968leukoplakia were excluded leaving 435 subjects in the leukoplakia
Roed-Petersen, 1971; Banoczy, 1977, Gupta et al, 198@&ohort on which two parts of this study were based (Figure 1). Part
Silverman et al, 1984; Bouquot et al, 1988). This suggests that thewas to follow up the leukoplakia cohort to estimate the incidence
impact of putative risk factors may vary between different populaef malignant transformation and relevant risk factors. Of the 435
tions. The aims of this study were (1) to evaluate the effects qgfatients, 60 oral carcinomas were identified, among which only 4%
betel nut chewing, smoking and alcohol use on the risk of leukolkad a different location from the leukoplakia. In order to study
factors accounting for malignant transformation, information was

tudy design and subject selection

Received 1 September 1999 abstracted from the medical chart on date of diagnosis, location of
Revised 7 December 1999 leukoplakia and risk factors at time of leukoplakia diagnosis, such
Accepted 11 January 2000 as betel nut chewing, smoking and alcohol use. These variables
Correspondence to: THH Chen, Graduate Institute of Epidemiology, College were rOUtinely recorded in the medical chart.

of Public Health, National Taiwan University, Room 213, No 19 Hsuchow Road, Part B was to elucidate the association between risk factors and
Taipei, Taiwan leukoplakia using a matched case—control study. A total of 100
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controls were free of oral cancer. Since information on risk factorgigure 3 cumulative risk of malignant transformation by betel nut chewing
such as betel nut chewing, smoking and drinking for the contrc
group could not be completely obtained from medical charts we
collected information via telephone interview. We also inter-
viewed 68 out of 100 leukoplakia case—control pairs to ChEClﬁESULTS
whether information from the medical chart was consistent with
that from telephone interview. Reasons for non-participatior]vlali it f tion f leukoplakia t |
included: not at home after three calls, wrong telephone number, ghant fransformation from feukopiakia to ora
. N . carcinoma

and refusal. Each participant was asked to provide information on
the three risk factors, categorized as: current, former and nevdfigure 2 shows that the incidence of malignant transformation in
Duration and daily frequency for each risk factor were alsgpatients with leukoplakia increases with duration of follow-up.
collected. A product of duration and daily frequency was defined The univariate analysis based on the Weibull model examined
as the intensity for the current and the former groups. The high avhether risk of malignant transformation depends on betel nut
low intensity was categorized according to the median value fochewing, smoking, alcohol use and location of leukoplakia. The
each risk factor. It should be noted that since there was a variety ofimulative risk stratified by these variables was calculated.
types and brands for the drinkers, it was very difficult to define thd=igure 3 reveals that those who chewed betel nut were nearly
dose per day. For alcohol use, only information on daily frequencfour times more likely to develop malignant transformation than
was asked in telephone interview. those who did not (OR = 3.79, 95% confidence interval (CI)
1.20-12.24). Other significant factors influencing malignant trans-
formation include location around the tongue (OR = 3.65, 95% ClI
1.09-12.25) and smoking (OR = 2.34, 95% CI 0.62-8.93).
For Part A analysis, an accelerated failure time (AFT) model Results from the multivariate analysis (Table 1), which incorpo-
(Marubini and Valsecchi, 1995) was used to estimate the risk aftes significant factors in the above univariate analysis plus age
malignant transformation and the association with the location afind sex, show that betel nut chewing still remains a significant risk
leukoplakia, betel nut chewing, smoking and drinking. Two parafor malignant transformation. The hazard ratio for chewing betel
metric models including exponential and Weibull models werenut was 4.59 (95% CI 1.25-16.85) after adjustment for age and
employed. All leukoplakia cases were followed until Februarysex. However, the effect of smoking and location on malignant
1998. transformation is not significant after adjustment for other

In the analysis of Part B, a conditional logistic regression wagactors.
performed to investigate the relationship between betel nut
chewing, smoking, alcohol drinking, and the occurrence of leumhisk factors for leukoplakia
plakia. The odds ratio (OR), together with exposure information
derived from a previous population-based survey (Lee and CheFable 2 shows that the group of current betel nut chewers had a
1999), gave the population attributable proportion (PAR) for eacl26-fold higher (95% CI 3.27—-204.00) risk for leukoplakia than that
risk factor (Breslow and Day 1980). of the ‘never’ group. The OR for the occurrence of leukoplakia in

Statistical methods
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Table 1 Multivariate analysis of the impact of risk factors on the risk of
malignant transformation in patients with leukoplakia, adjusted for age and
sex using the Weibull regression model

Risk factors Odds ratio 95% ClI

Location
Tongue 1.54 0.24-9.73
Buccal 0.30 0.05-1.72
Alreola+lip 0.57 0.06-5.83
Others 1

Betel nut chewing
Yes 4.59 1.25-16.86
No 1

Cigarette smoking
Yes 2.38 0.62-9.05
No 1

Risk factors for leukoplakia and oral cancer 1873

Table 3 presents the results of multivariate analysis after adjust-
ment for the effect of the three variables on each other. The
adjusted OR for chewing betel nut and smoking in the current
group were 17.43 (95% CIl 1.94-156.27) and 3.22 (95% ClI
1.06-9.78) respectively. The adjusted OR for the use of betel nut
and tobacco in the high intensity group were 22.49 (95% CI
1.44-351.42) and 3.09 (95% CI 0.93-10.34) respectively. The
effect of alcohol on the occurrence of leukoplakia disappeared,
after adjustment for betel nut chewing and smoking.

Consistency of exposure information

Consistency of exposure information between the medical chart
and telephone interview was checked. A good agreement was
demonstrated by Kappa statistics (all Kappa values greater than
0.6). To establish whether two different procedures for obtaining

information may have affected the results, we estimated the

the current smokers was 5.42 (95% CI 2.17-13.80). The frequeadjusted odds ratios based on the two sources and no significantly
alcohol users had an ninefold (95% CI 1.11-68.7) risk fordifferent results were found.

leukoplakia compared to ‘never’ group.

With respect to intensity, significant dose-response relation

DISCUSSION

ships were observed for three factors. For betel nut chewing, the

risk for leukoplakia in the high intensity group (defined by aA leukoplakia cohort study and the derived matched case—control
product of frequency and duration) was 32-fold (95% Clwere designed to elucidate the effect of betel nut chewing,
2.44-408.00) higher than that in the ‘never’ group. The corresmoking and alcohol use on the three-state natural history of oral
sponding figure in the low intensity group was 16 (95% Clcancer, form normal, through leukoplakia and to oral carcinoma.
1.37-137.00). As regards smoking, the high intensity group waResults from this study had two major practical findings. First,

five times more likely to develop leukoplakia than never smokerghewing betel nut was demonstrated to influence not only the
(95% CI 1.73-17.20), whereas the OR for the low intensity groupccurrence of leukoplakia but also its malignant transformation.
compared with the never group was 3.68 (95% CI 1.20-11.20). Although smoking might play a major role in the occurrence of

Table 2 Univariate analysis of the effect of cigarette smoking, betel nut chewing and alcohol use on the incidence of leukoplakia

Odds ratio (95% ClI)

Status classification

Intensity classification

Risk factyor
Never Former
Cigarette smoking 1 2.03
(0.61-6.75)
Betel nut chewing 1 3.78
(0.61-23.30)
Never Occasional
Alcohol use 1 0.63
(0.11-3.65)

Current Low High
5.42 3.68 5.45
(2.17-13.80) (1.20-11.20) (1.73-17.20)
25.85 15.61 31.55
(3.27-204.00) (1.77-137.00) (2.44-408.00)
Frequent
8.66
(1.11-68.70)

Table 3 Multivariate analysis of the effect of alcohol use, betel nut chewing and cigarette smoking on the incidence of leukoplakia, adjusted for the effects of

three factors on each other

Odds ratio (95% ClI)

Risk factor Status classification Intensity classification
Never Former Current Low High
Cigarette smoking 1 1.04 3.22 1.67 3.09
(0.24-4.59) (1.06-9.78) (0.45-6.26) (0.93-10.30)
Betel nuts chewing 1 2.38 17.43 9.06 22.49
(0.34-16.75) (1.94-156.27) (1.00-81.64) (1.44-351.00)
Never Occasional Frequent
Alcohol use 1 0.28 3.00
(0.03-2.56) (0.27-33.50)

© 2000 Cancer Research Campaign

British Journal of Cancer (2000) 82(11), 1871-1874



1874 MN Shiu et al

leukoplakia, it may not be a main contributory cause for malignant In conclusion, this study finds that betel nut chewing is a major
transformation. If the prevalence of smoking and betel nutisk factor not only for the occurrence of leukoplakia but also for
chewing among the general population are estimated as 26% anthlignant transformation. We estimate that elimination of betel
10% (Lee and Chen, 1999), respectively, this information plusut chewing would prevent 62% of leukoplakia and 26% of
ORs reveals that eliminating the habit of betel nut chewing maynalignant transformation.

reduce the occurrence of leukoplakia by 62% and reduce the rate

of malignant transformation by 26% in the underlying population.
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