
Abstract

The systematic review and meta-analysis of published

randomised controlled trials (RCTs) was conducted to

review the effectiveness of current chemopreventive

agents in the treatment of oral leukoplakia lesions (OPLs)

and prevention of their progression to oral cancer.

Material was identified through a retrospective literature

search of the electronic PubMed database, Embase and

Cochrane Library between 2008 and 2016.Eight RCTs

were included for systematic review. The pooled estimate

showed a 14% greater chance of responding for those

randomised to interventions compared with placebo (Risk

Ratio [RR] 1.14, 95% confidence interval [CI] 0.72 to 1.81).

The CI from individual studies overlapped. The results

suggested that there were no significant differences in

comparing clinical responses between chemopreventive

agents with placebo in treatment of OPLs. It is time to

investigate new agents for oral cancer chemoprevention.

Keywords: Chemopreventive, Clinical response, Oral

cancer, Oral premalignant lesions.

Introduction
Oral leukoplakia is the most common premalignant lesion

in oral cavity and is associated with the development of

oral cancer. Chemopreventive agents are used to

suppress, reduce or prevent the progression of

carcinogenesis. Patients with oral leukoplakia or

postoperative oral cancer patients for prevention of

secondary tumours are considered the best target

population for oral cancer chemoprevention because a

large proportion of oral cancers are associated with the

preceding of longstanding oral leukoplakia.1,2 Promising

chemopreventive agents are needed as a treatment

option for oral leukoplakia lesion (OPL), especially in

elderly people who may have difficulties undergoing

extensive surgeries or in lesions such as proliferative

verrucous leukoplakia (PVL). So far, chemopreventive

agents which have been tested in clinical trials for oral

pre-cancer lesions include vitamin A, isotretinoin (13-cis

retinoic acid), beta-carotene, cyclooxygenase-2 (COX-2),

bowman-brick inhibitor concentration, erlotinib, green

tea extract, freeze-dried black raspberry (BRB) and special

medicinal herbs. In recent years, several studies were

performed to test the effectiveness of chemopreventive

agents in treatment of OPLs.3-12 However, we find that the

majority of the literature did not describe statistically

significant differences in comparison with

chemopreventive agents. In this paper, we carry out a

systematic review and meta-analysis of published

randomised controlled trials (RCTs) to review the

effectiveness of current chemopreventive agents in

treatment of oral premalignant lesions and prevention of

their progression to oral cancer.

Methods
References for this review were identified through a

retrospective literature search of the electronic PubMed

database, Embase, Cochrane Library between 2008 and

2016. The following key words and their combination

were used in compiling the search: chemopreventive,

clinical response, oral cancer and oral premalignant

lesions. The electronic databases were last searched on

April 29, 2016.

RCTs investigating the effectiveness of chemopreventive

agents for patients with premalignant lesions, leukoplakia

or erythroplakia were included. Studies investigating the

preventive effects of agents for health subjects were

excluded. Interventions were chemopreventive agents

such as vitamin A, isotretinoin (13-cis retinoic acid), beta-

carotene, COX-2, bowman-brick inhibitor concentration,

erlotinib, green tea extract, BRBs and ZengShengPing, a

mixture of medicinal herbs.

Main outcome measures included clinical response,

change in lesion area and histological responses.

Secondary outcome measures included adverse events,

cancer-free survival rates, likelihood of malignant

transformation and loss of heterozygosity. Clinical

response used in the current meta-analysis is the overall

response which is the sum of complete response (CR:

regressed completely) and partial response (PR: 50% or

more reduction insize).

One of the two investigators did the data extraction and
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the other examined the results, and a consensus was

reached. The outcomes in patients at the end of follow-up

after treatments were reviewed. We extracted the

following data from the eligible studies: general

characteristics (subject, age, gender, location);

methodology (type of study, sequence generation,

masking or blinding, incomplete outcome data and other

sources of bias); interventions and control groups;

outcomes and statistics methods. 

One investigator evaluated the quality of each study

using Jadadscale.13 The other investigator examined the

results, and a consensus was reached. The Jadad score is

obtained from a possible 5-point scale; high scores

indicating high quality, by yes/no answers to question for

randomisation and blinding, and one question evaluating

the reporting of patient withdrawals and dropouts. 

The meta-analysis was performed with the

Comprehensive Meta-Analysis V3. For dichotomous data

in the current study, rate ratio or relative risk (RR) was used

for effect statistics of RCTs. Statistical heterogeneity was

tested by chi-square test14 for each outcome, with a

significance set at p<0.10. Insignificance indicated that

the results of the different trials were similar (p>=0.1,

I2<=50%). Individual and pooled results were illustrated

by point estimates and 95% confidence intervals (CIs). 

Results
A total of 96 abstracts from the databases were retrieved,

71(74%) of which were excluded based on their titles and

abstracts. Further 17(18%) trials were excluded as

11(11.5%) did not meet inclusion criterion, and data was

not provided in 6(6.25%). Only 8(8.33%) RCTs3-10

recruiting 689 subjects were included, and 4(50%) of

which3,5,7,8 were used for meta-analysis. 

Characteristics of RCTs included in the current review

were noted (Table-1). Six (75%) studies3-5,7,9,10 were

performed in USA followed by 2(25%)6,8 in Asia. The

age of patients ranged from 23 to 90 years. The

percentage of male patients ranged from 31% to 67%

and the time to do the test ranged from 3 months to 1

year.

In 4(50%) of the RCTs included in the systematic review,

the investigators described the method for the

sequence generation.3,5,6,8 Six (75%) of the studies were

double-blinding.3,5,7-10 Six (75%) of the studies

described the data of missing patients. Some studies

reported shortcoming or challenge of the studies, such

as small number of cases enrolled and low compliance

of the subjects,8 inter-patient variation9 and long-time

duration between trial initiation and completion7

(Table-2).

Five (62.5%) studies reported clinical responses of

chemopreventive agents3-5,7,8 to OPLs. Due to the small

number of studies and heterogeneity between papers,

it was only possible to conduct a meta-analysis for the
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Table-1: Characteristics of RCTS.

First author Subject Eligible participants Age (years) (Median, range) Sex% male Location Intervention Measurement Time

William 201610 150 Oral leukoplakia 57/57 (†) 56/57 (†) USA

Mallery 20149 40 Premalignant lesions 57.7± 2.9/ 62.2 ±1.8 (**, †) 50/ 31.8 (†) USA

Nagao 20158 46 Leukoplakia 65.9± 8.7/64.8± 10.0 (**, †) 54 Japan

Armstrong 20137 89 Leukoplakia, erythroplakia 61.8 (29- 82) 64 USA

Sun 20106 112 Oral leukoplakia 44.4± 11.8/ 52.9 ±10.4 (**, †) 79.3/ 45.8 (†) China

Tsao 20095 41 Premalignant lesions 57 (33- 76) 46.3 USA

Papadimitrako-poulou 20094 162 Premalignant lesions 56 (23- 90) 52.5 USA

Papadimitrako-poulou 20083 49 Premalignant lesions 59.2/62.0 (34- 84) (†); 56/35 (†); 56/67 (†) USA

59.2/62.9 (34- 84) (†)

**Mean Age ± SD; †Control/test.

Erlotinib

Freeze-dried black

raspberry (BRB)

Beta-carotene

Bowman-Birk inhibitor

concentrate

ZengShengPing (a mixture

of medicinal herbs)

Green tea extract

Isotretinoin (13-cis retinoic

acie), retinyl palmitate

(RP), RP plus beta-

carotene (BC)

Cyclooxygenase-2 (COX-2)

inhibitor

Oral cancer-free survival

(CFS)

Histologic grade, clinical

size and loss of

heterozygosity

Clinical response (CR+

PR), likelihood of

malignant transformation

Clinical response (CR+

PR), change in lesion area

Oral lesion size

Clinical response (CR+

PR), histologic response 

Clinical response (CR+

PR), histologic response,

cancer-free survival rates

Clinical response (CR+

PR), adverse events

1 year

3 months

1 year

6 months

8-12 months

12 weeks

3 months

12 weeks



comparison of intervention versus placebo. As a result,

4(50%) studies with3,5,7,8 225 subjects with

dichotomous data were used to do meta-analysis. The

result of forest plot of comparison was also compiled

(Figure). The pooled estimate showed a 14% greater

chance of responding for those randomised to

interventions compared to placebo (RR: 1.14; 95% CI:

0.72 to 1.81). There was no evidence of meaningful

heterogeneity in this meta-analysis: I2 was 0%, the chi2

test for heterogeneity was not significant and the

confidence intervals from individual studies

overlapped. The results indicated that no statistically

significant differences were found in comparing clinical

responses to placebo.

Discussion
It is believed that there is an unknown carcinogen

that condemns the entire oral mucosa toward

malignant progression. Environmental carcinogens,

including tobacco and alcohol, are recognised as the

cause of epithelial field cancerisation. Also, COX-2 is

reported and over-expressed in tumours.15 These

results have motivated decades of research in oral

cancer prevention. COX-2-inhibiting agents have

been shown to protect against colon, mammary, and

oral cancer in experimental animals, and possible

colorectal cancer in humans.16 Other nature-sourced

agents such as vitamin A and beta-carotene (BC) all

produced significantly more objective responses than

did placebo in randomised studies in oral leukoplakia

patients.17 Green tea extract (GTE) contains high

amounts of polyphenols, including epigallocatechin

3-gallate (EGCG), which inhibits carcinogenesis in

preclinical models.18 Asian and other epidemiological

studies have suggested a potential protective effect

of green tea against epithelial malignancies.19 It was

also shown in a preclinical study that ZengShengPing

(ZSP), a herbal mixture, inhibited inflammation and

inflammation-associated carcinogenesis in animal

models.6 Clinical trials confirmed that oral intake of

ZSP had significant chemopreventive effects on

oesophageal and bronchial dysplasia. BRBs contain

chemopreventive-rich composition, including

anthocyanins, ellagic acid, ferulic acid, coumaric acid
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Table-2: Evaluation of the quality of RCTs.

First author Sequence generation Double-blinded Withdrawals Jadad score (0- 5)

William 201610 Adequate Adequate DS 5

Mallery 20149 UA Adequate UA 2

Nagao 20158 Adequate Adequate DS 5

Armstrong 20137 Adequate Adequate UA 4

Sun 20106 UA NA DS 2

Tsao 20095 Adequate Adequate DS 5

Papadimitrakopoulou 20094 UA NA DS 2

Papadimitrakopoulou 20083 UA Adequate DS 4

UA, unclear; DS, described; NA, not available.

Figure: Forest plot of comparison: intervention versus placebo, outcome OPLs clinical response.



and quercetin, phytosterols in addition to folic acid

and selenium. Pilot clinical trial results showed that

topical application of BRB gel significantly reduced

loss of heterozygosity in oral intraepithelial neoplasia

(OIN) lesions, modulated epithelial gene expression

and significantly reduced OIN levels of COX-2.20

Bowman Birk Inhibitor (BBI) is a serine protease

inhibitor isolated from soybeans and in vitro and in

vivo studies demonstrated its anticarcinogenic

activity in a number of animal model systems and

human trials.21,24 In a recent study, erlotinib which

targeting epidermal growth factor receptor (EGFR),

was used to study its prevention effect on oral cancer.

EGFR plays a critical role in oral epithelial

carcinogenesis. Erlotinib have demonstrated modest

activity against invasive head and neck squamous cell

carcinomas,25,26 lung carcinoma29 and esophageal

squamous cell carcinoma.28

However, this systematic review compared the RCTs

studying the effectiveness of chemopreventive in

treatment of OPLs in human, with the results showing

that no statistically significant differences were found

in comparing clinical responses with placebo. In the

work reported by Papadimitrakopoulou et al,4

whether retinylpalmitate (RP) alone or plus BC would

be as effective and less toxic than low-dose 13cRA in

treating OPLs and reducing the risk of oral cancer

were investigated.4 The 5-year oral cancer-free

survival rates were measured when any of squamous

cell carcinoma of the oral cavity was diagnosed. As a

result, there was no significant association between 3-

month OPL response and subsequent oral cancer

development (p=0.072) and all the treatments failed

to show significant efficacies in treating OPLs.4 Nagao

et al. also investigated the use of low-dose BC

combined with vitamin C supplements as the

treatment to prevent the malignant transformation to

oral cancer.8 The likelihood of malignant

transformation during a 5-year follow-up period was

measured. The results indicated that the treatment of

BC (10 mg/day) and vitamin C were nether effective

for clinical remission, nor for protection against the

development of cancer.8 William et al. tested if

erlotinib (epidermal growth factor receptor inhibitor)

would reduce oral cancer development in patients

with OPLs.10 The main outcome measure was oral

cancer-free survival. However, erlotinib did not

improve oral cancer-free survival in high-risk patients

with OPLs.10

Conclusion
The systematic review suggested no statistically

significant differences in comparing the effectiveness of

current chemopreventive agents with placebo. It is time

to investigate new agents for oral cancer

chemoprevention. 

Disclaimer: None.

Conflict of Interest: None.

Source of Funding: None.

References
1. Ramshanka Y, Krishnamurthy A. Chemoprevention of oral cancer:

Green tea experience. J Nat Sci Biol Med. 2014; 5: 3-7.

2. Vander Broek R, Snow GE, Chen Z, Van Waes C. Chemoprevention

of head and neck squamous cell carcinoma through inhibition of

NF-kB signalling. Oral Oncol. 2014; 50: 930-41.

3. Papadimitrakopoulou VA, William WN Jr, Dannenberg AJ, Lippman

SM, Lee JJ, Ondrey FG, et al. Pilot randomized phase II study of

celecoxib in oral premalignant lesions. Clin Cancer Res. 2008; 14:

2095-101.

4. Papadimitrakopoulou VA, Lee JJ, William WN Jr, Martin JW, Thomas

M, Kim ES, et al. Randomized trial of 13-cis retinoic acid compared

with retinylpalmitate with or without beta-carotene in oral

premalignancy. J. Clin Oncol. 2009; 27: 599-604.

5. Tsao AS, Liu D, Martin J, Tang XM,Lee JJ, EI-Naggar AK, et al.Phase

II randomized, placebo-controlled trial of green tea extract in

patients with high-risk oral premalignant lesions. Cancer Prev Res

Phila. 2009; 2: 931-41.

6. Sun Z, Guan X, Li N, Liu X, Chen X. Chemoprevention of oral cancer

in animal models, and effect on leukoplakias in human patients

with ZengShengPing, a mixture of medicinal herbs.  OralOncol.

2010; 46: 105-10.

7. Armstrong WB, Taylor TH, Kennedy AR, Melrose RJ,Messadi DV, Gu

M, et al. Bowman-Birk inhibitor concentrate and oral leukoplakia:

a randomized phase IIb trial. Cancer Prev Res Phila. 2013; 6: 410-8.

8. Nagao T, Warnakulasuriya S, Nakamura T, Kato S,Yamamoto K,

Fukano H, et al.Treatment of oral leukoplakia with low-dose of

beta-carotene and vitamin C supplements: a randomized

controlled trial.Int J Cancer. 2015; 136: 1708-17.

9. Mallery SR, Tong M, Shumway BS, Curran AE, Larsen PE, Ness GM,

et al. Topical application of a mucoadhesive freeze-dried black

raspberry gel induces clinical and histologic regression and

reduces loss of heterozygosity events in premalignant oral

intraepithelial lesions: results from a multicentered, placebo-

controlled clinical trial. Clin Cancer Res. 2014; 20: 1910-24.

10. William WN Jr, Papadimitrakopoulou V, Lee JJ, Mao L,Cohen EE, Lin

HY, et al. Erlotinib and the Risk of Oral Cancer: The Erlotinib

Prevention of Oral Cancer (EPOC) Randomized Clinical Trial.JAMA

Oncol. 2016; 2: 209-16.

11. Messadi DV, Sato K. Oral Cancer Chemoprevention: Current Status

and Future Direction. J Calif Dent Assoc. 2016; 44: 101-11.

12. Jones KB, Jordan R. White lesions in the oral cavity: clinical

presentation, diagnosis, and treatment.SeminCutan Med Surg.

2015; 34: 161-70.

13. Jadad AR, Moore RA, Carroll D, Jenkinson C,Reynolds DJ,

Gavaghan DJ, et al. Assessing the quality of reports of

randomized clinical trials: is blinding necessary? Control Clin

Trials.1996; 17: 1-12.

14. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-

analysis. Stat Med. 2002;  21: 1539-58.

15. Sano H, Kawahito Y, Wilder RL,Hashiramoto A, Mukai S, Asai K,et

al.Expression of cyclooxygenase-1 and -2 in human colorectal

cancer. Cancer Res. 1995; 55: 3785-9.

J Pak Med Assoc

1418 T. Xie, J. Liu



16. Baron JA, Sandler RS, Bresalier RS,Quan H, Riddell R, Lanas A, et al.

A randomized trial of rofecoxib for the chemoprevention of

colorectal adenomas. Gastroenterology 2006; 131: 1674-82.

17. Stich HF, Rosin MP, Hornby AP,Mathew B, Sankaranarayanan R,

Nair MK. Remission of oral leukoplakias and micronuclei in

tobacco/betel quid chewers treated with beta-carotene and with

beta-carotene plus vitamin A. Int J Cancer.1988; 42: 195-9.

18. Fujiki H, Yoshizawa S, Horiuchi T, Suganuma M,Yatsunami J,

Nishiwaki S, et al.Anticarcinogenic effects of (-)-

epigallocatechingallate. Prev Med. 1992; 21: 503-9.

19. Yang CS, Lambert JD, Ju J, Lu G, Sang S. Tea and cancer prevention:

molecular mechanisms and human relevance. Toxicol Appl

Pharmacol. 2007; 224: 265-73.

20. Mallery SR, Zwick JC, Pei P, Tong M, Larsen PE, Shumway BS, et al.

Topical application of a bio-adhesive black raspberry gel

modulates gene expression and reduces cyclooxygenase 2

protein in human premalignant oral lesions. Cancer Res. 2008; 68:

4945-57.

21. Kennedy AR. The status of human trials utilizing Bowman-Birk

Inhibitor concentrates from soybeans. In:Sugano M, eds. Soy in

health and disease prevention (Nutrition and disease prevention).

Boca Raton, FL: Taylor & Francis, 2006; pp- 207-33.

22. de Paula Carli A, de Abreu Vieira PM, Silva KT, de Sá Cota RG,

Carneiro CM, Castro-Borges W, et al. Bowman-Birkinhibitors,

proteasome peptidase activities and colorectal pre neoplasias

induced by 1,2-dimethylhydrazine in Swiss mice. Food Chem

Toxicol. 2012; 50: 1405-12.

23. Souza LdC, Camargo R, Demasi M, Santana JM, SáCMd, Freitas

SMd. Effects of an anticarcinogentic Bowman-Birk protease

inhibitor on purified 20S proteasome and MCF-7 breast cancer

cells. PLoS ONE. 2014; 9: e86600.

24. Mehdad A, Brumana G, Souza AA, Barbosa J, Ventura MM, de

Freitas SM. A Bowman-Birk inhibitor induces apoptosis in human

breast adenocarcinoma through mitochondrial impairment and

oxidative damage following proteasome 20S inhibition. Cell

Death Discov. 2016; 2: 15067.

25. Soulieres D, Senzer NN, Vokes EE, Hidalgo M, Agarwala SS, Siu LL.

Multicenter phase II study of erlotinib, an oral epidermal growth

factor receptor tyrosine kinase inhibitor, in patients with recurrent

or metastatic squamous cell cancer of the head and neck. J

ClinOncol. 2004; 22: 77-85.

26. Van Allen EM, Lui VW, Egloff AM, Goetz EM, Li H, Johnson JT, et al.

Genomic correlate of exceptional erlotinib response in head and

neck squamous cell carcinoma. JAMA Oncol. 2015; 1: 238-44.

27. Sakellakis M, Koutras A, Pittaka M, Tsitsopoulos E, Kalofonou F,

Kalofonos HP. Long-term disease stabilization following treatment

with erlotinib in heavily pretreated patients with wild-type

epidermal growth factor receptor non-small-cell lung carcinoma:

Two case reports. MolClinOncol. 2016; 5: 803-6.

28. Zhao C, Lin L, Liu J, Liu R, Chen Y, Ge F, et al. A phase II study of

concurrent chemoradiotherapy and erlotinib for inoperable

esophageal squamous cell carcinoma. Oncotarget. 2016; 7:

57310-6.

29. Yu HA, Sima C, Feldman D, Liu LL, Vaitheesvaran B, Cross J, et al.

Phase 1 study of twice weekly pulse dose and daily low-dose

erlotinib as initial treatment for patients with EGFR-mutant lung

cancers. Ann Oncol. 2017; 28: 278-84.

Vol. 67, No. 9, September 2017

Chemoprevention of oral cancer in leukoplakia patients: A systematic review and meta-analysis 1419


