
83

Malignant Transformation 
of Oral Submucous Fibrosis
Omar Kujan and Majdy Idrees

Contents

7.1  Introduction – 84

7.2  Insight into the Literature – 84

7.3  Malignant Transformation Rate among OSF Patients – 86

7.4  Epithelial Dysplasia and OSF – 89

7.5  Potential Risk Factors of Malignant Transformation among 
OSF Patients – 89

7.5.1  Areca Nut Usage as a Major Carcinogen – 89

7.6  Pathological Mechanisms of the Malignant Transformation 
of OSF – 90

7.6.1  Hypoxia – 90
7.6.2  Angiogenesis – 90
7.6.3  Alterations in Cell Cycle – 90
7.6.4  Epithelial-Mesenchymal Transition – 90

7.7  Prognosis of OSF Malignant Transformation – 91

7.8  Conclusion – 91

 References – 91

7

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
S. Warnakulasuriya, K. Ranganathan (eds.), Oral Submucous Fibrosis, Textbooks in Contemporary Dentistry, 
https://doi.org/10.1007/978-3-031-12855-4_7

https://doi.org/10.1007/978-3-031-12855-4_7#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-12855-4_7&domain=pdf


84

7

7.1  Introduction

Oral potentially malignant disorders (OPMDs) include 
a variety of lesions and conditions with different aeti-
ologies and clinicopathological presentations, but all 
share an increased risk of malignant transformation [1]. 
One of the most prevalent OPMDs is oral submucous 
fibrosis (OSF), which is a relatively widespread disorder 
in Southeast Asia and in the Pacific [2, 3].

Several chapters in this textbook have addressed sig-
nificant aspects of this disorder such as epidemiology, aeti-
ology, pathogenesis, clinical and histopathological features, 
staging, and predictive and prognostic biomarkers. This 
chapter aims to provide an updated review of the malig-
nant transformation potential of oral submucous fibrosis.

Paymaster, in 1956, first described the potential 
malignant nature of  OSF among a cohort of  650 
patients [4]. Since then, many reports have been pub-
lished to describe the malignant transformation rate of 
OSF, with estimations ranging from 1.2% to 9.1% [3]. 
However, these reports are associated with a very high 
level of  heterogeneity and a relatively low quality [3, 5], 
which may indicate that the actual number is underesti-
mated. A recent meta-analysis published in a special 
issue by the WHO Collaborating Centre for Oral 
Cancer on OPMDs revealed that the pooled ratio of 
malignant transformation among patients with OSF is 

4.6%, and the annual malignant transformation rate is 
0.73% [3].

 n Learning Goals
 5 Provide a global estimation of the malignant trans-

formation rate of oral submucous fibrosis.
 5 Discuss the related literature in detail and highlight 

the major outcomes of each individual study.
 5 Explain the demographic, pathological, and molec-

ular factors contributing to the malignant transfor-
mation of oral submucous fibrosis.

7.2  Insight into the Literature

An extensive search of the literature was conducted 
through various databases (Web of Science, MEDLINE 
by PubMed, Embase, Scopus) for the period from 1952 
to October 2021 using special MeSH terms [3] to find 
relevant studies that documented the rate and/or risk of 
malignant transformation of OSF.  The search revealed 
611 papers, which were screened. Of these, 14 papers 
underwent further assessment. Of these papers, nine 
reported the malignant transformation rate of OSF 
[6–14] (. Table 7.1), while the others were either cross- 
sectional or case-control without further details to assess 
the malignant transformation rate [15–19] (. Table 7.2).

.       Table 7.1 General description of  relevant studies about the malignant transformation rate and/or risk of  OSF

Authors/
year

Coun-
try

Design Total (N)
M:F

Mean age 
(years)

MT 
(N)

Over-
all MT 
ratio

Annual 
MT 
rate

Follow-
up 
(years)

General description/main 
findings

Jian et 
al. 2021 
[14]

China Pro-
spective

567 – 32 5.6% – – An institutional prospective 
study reported from Hunan 
province in China. All OSF 
cases were among areca nut 
chewers. Patients with 
verrucopapillary lesions or 
leukoplakia had higher 
transformation

Chiang 
et al. 
2020 [13]

Tai-
wan

Pro-
spective

87 – 4 4.6% 0.69% 6.7 To assess the MT rate among 
a group of OPMDs. The 
independent risk factor for the 
MT of OPMDs was heavy 
betel quid chewing. No data 
were specifically provided for 
OSF

Chuang 
et al. 
2018 [12]

Tai-
wan

Pro-
spective

2333
No 
females

– 114 4.8% 0.86% 5.7 To assess the MT rate among 
OPMDs and identify risk 
factors. The estimated annual 
malignant risk per 1000 was 
8.9 for OSF with betel nut 
chewing. The risk of OSF MT 
was higher among patients 
aged more than 50 years
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       . Table 7.1 (continued)

Authors/
year

Coun-
try

Design Total (N)
M:F

Mean age 
(years)

MT 
(N)

Over-
all MT 
ratio

Annual 
MT 
rate

Follow-
up 
(years)

General description/main 
findings

Yang et 
al. 2017 
[11]

Tai-
wan

Retro-
spective

778
678:100

41.8 ± 11.7 71 9.1% 1.4% 6.5 To investigate the MT rate 
of OSF. Patients with OSF 
are associated with a 
significantly higher risk of 
MT than controls. OLK 
enhances the MT potential 
when combined with 
OSF. This risk of MT was 
higher among the males in 
comparison to the females

Chour-
asia et 
al., 2015 
[10]

India Retro-
spective

119
88:31

33.8 5 4.2% – – The incidence of oral cancer 
concomitant with OSF was 
25.77%. The authors 
concluded that the 
malignant potential of OSF 
is underestimated

Wang et 
al. 2014 
[9]

Tai-
wan

Retro-
spective

1180
1091:89

44.69 ± 12.43 46 3.9% – – To assess the MT risk 
among a group of OPMDs. 
Risk factors were not 
identified for individual OSF 
cases. 88.43% and 86.2% of 
OSF cases were associated 
with betel quid and 
smoking, respectively

Hazarey 
et al. 
2007 [8]

India Retro-
spective

1000
830: 170

M 
27.60 ± 9.58
F 
34.78 ± 12.21

33 3.3% 0.66% 5 OSF MT was significantly 
associated with increased 
frequency of betel quid 
chewing and smoking. The 
majority of the malignant 
transformed cases were 
diagnosed as OSCC, 28 out 
of 33 cases

Hsue et 
al. 2007 
[7]

Tai-
wan

Pro-
spective

439 – 10 2.3% 0.63% 3.6 To assess the rate of OSF 
MT. The mean time of MT 
was shorter for cases with 
epithelial dysplasia; however, 
it was not significant

Murti et 
al. 1985 
[6]

India Pro-
spective

66 – 5 7.6% 0.76% 10a To assess the OSF MT rate. 
All transformed cases were 
in women who had habits of 
chewing tobacco and areca 
nut with betel leaves and 
lime

Total (studies that 
assessed the OSF 
MT rate)

6569 – 320 (4.87%) 0.84% 6.25

M male, F female, MT malignant transformation, OLK oral leukoplakia, OLP oral lichen planus, OSCC oral squamous cell carci-
noma
a Median follow up period
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The geographic distribution of the reported studies 
is consistent with the global distribution of OSF, as 
almost all cases were reported in India and Southeast 
Asia [20]. Of these studies, six were conducted in India 
[6, 8, 10, 15, 16, 21] and Taiwan [7, 9, 11–13, 17], fol-
lowed by two studies in Mainland China [14, 19] and 
one study in Pakistan [18].

7.3  Malignant Transformation Rate among 
OSF Patients

Iocca et al., in 2019, conducted a systematic review and 
meta-analysis to assess the malignant transformation 
rate among a group of OPMDs [5]. They found that 
out of 3986 OSF patients, 194 patients exhibited malig-
nant transformation (4.8%) [5]. A comparable result was 
reported in a more recent meta-analysis by Kujan et al. 
in 2021: out of 6337 OSF patients, 292 patients under-
went malignant transformation (4.6%), with an annual 
malignant transformation rate of 0.73% [3].

In India, the malignant transformation rate of  OSF 
ranges from 3.3% to 7.6% [6, 8, 10], while studies from 
Mainland China and Taiwan reveal a malignant trans-

formation rate between 2.3% and 9.1% [7, 9, 11–14]. 
Previous subgroup analysis showed no significant dif-
ference in the malignant transformation rate between 
“Mainland China and Taiwan” and India, at 4.9% and 
3.5%, respectively [3]. Likewise, adjusted odds ratios 
did not report a significant difference between 
Mainland China and Taiwan [22]. Based on our litera-
ture search, we did not find epidemiological informa-
tion about the malignant transformation rate of  OSF 
in Vietnam, Pakistan, Thailand, Bangladesh, Sri 
Lanka, or Nepal.

The malignant potential of OSF is higher or compa-
rable to other OPMDs, such as oral leukoplakia and 
oral lichenoid lesions; hence, OSF is considered a condi-
tion with significant morbidity and mortality rates [5, 
23]. However, the malignant transformation potential 
of OSF has gained less attention among researchers 
because the literature includes only two meta-analyses 
in this area [3, 5], in comparison to many studies assess-
ing the malignant transformation of other OPMDs. In 
addition, studies that report malignant transformation 
of OSF cases are associated with high heterogeneity and 
low methodological quality [3, 5]. We believe that the 
reported number of OSF cases in general, and malig-

.       Table 7.2 Cross-sectional studies with no information on MT

Authors/year Coun-
try

Design Total (N)
M:F

Mean age 
(years)

General description/main findings

Srivastava et 
al. 2020 [15]

India Cross-
sec-
tional

2150
1865:285

Not specified To assess the prevalence of OPMDs and oral cancers. The 
major risk factors were tobacco and areca nut, with or 
without tobacco. The malignant transformation rate of OSF 
was not assessed

Rangaswamy 
et al. 2019 
[16]

India Pro-
spective 
case 
series

30
23: 7

44.5 To describe the features of oral carcinomas in the back-
ground of OSF. No controls. OSF-related carcinomas have 
distinct clinical presentations The malignant transformation 
rate of OSF was not assessed

Wang et al. 
2018 [17]

Tai-
wan

Retro-
spective

181 Not specified The aim was to study the MT of OLK alone and OLK with 
other oral lesions. No data was specified for OSF alone. 
Patients with both OSF and OLK had 58 more risks for 
MT. The malignant transformation rate of OSF was not 
assessed

Mohiuddin 
et al. 2016 
[18]

Paki-
stan

Cross-
sec-
tional

765 OSF
472 
OSF-OSCC

Not specified To assess the risk of MT of OSF. 48.3% of transformed 
cases were related to betel quid with tobacco. The malignant 
transformation rate of OSF was not assessed

Zhou et al. 
2008 [19]

China Case-
control

40 OSF
42 OSF-
OSCC

(OSF-OSCC 
45)
(OSF 38)

To assess the risk of OSF MT. Odds ratios were older age 
12.59, duration of chewing 10.15, smoking 7, OSF with OLK 
or OLP 8.04. The malignant transformation rate of OSF was 
not assessed

M male, F female, MT malignant transformation, OLK oral leukoplakia, OLP oral lichen planus, OSCC oral squamous cell carci-
noma
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nant transformation cases in particular, might be much 
lower than the real situation.

In India, for example, a recent, nationally representa-
tive study in 2021 estimated that the number of areca 
nut users is more than 223 million people, and the 
 majority of them consume areca nut with tobacco [24]. 
At the same time, the International Agency for Research 
on Cancer revealed that more than 35% of global oral 
and lip cancer cases are in India [25]. This is much higher 
than in China, including Taiwan (7.9%), although the 
population in both countries is comparable—around 1.4 
billion [26]. Nonetheless, the literature includes only 
three Indian studies that assessed the malignant trans-
formation rate among cohorts of 3500 OSF patients [6, 
8, 10].

We found that the global malignant transformation 
rate of OSF among nine studies including 6569 OSF 
patients was 4.87% with an annual malignant transfor-
mation rate of 0.84%. Of these studies, five studies were 
retrospective while the other four were prospective as 
shown in . Table 7.1. The follow-up time ranged from 3 
to 10 years with a mean follow-up time of 6.25 years. The 
age and gender of OSF patients undergoing malignant 
transformation were only mentioned in one study by 
Murti et al. [6] The specific descriptions of the included 
studies with a brief outcome are presented below:

Murti et al. [6] followed up 66 Indian patients with 
OSF for 17 years with a median observation of 10 years. 
Patients were diagnosed clinically and followed up annu-
ally to detect any malignant transformation changes. 
The authors mentioned that surgical biopsies were per-
formed according to the patient’s consent; however, it 
was not clear how many patients underwent surgical 
biopsies during the follow-up time. At the end of the 
observation period, a malignant transformation of OSF 
lesions was detected among five female patients aged 
between 48 and 81 years (average age 64.6 years), giving 
a malignant transformation rate of 7.6%. The time 
between the initial diagnosis of OSF and the malignant 
transformation ranged between 3 and 16  years. All 
patients with malignant transformation had the habit of 
chewing areca nut with betel leaves and lime and with or 
without tobacco.

Hsue et al. [7] followed up a cohort of 1458 Taiwanese 
patients with various OPMDs including 439 patients 
with OSF.  The patients were followed up for over 
10 years, while the mean follow-up time was 42.6 months 
(3.5 years). Of the patients with OSF, eight cases pro-
gressed to carcinoma (2.3%), and two of them were 
associated with epithelial dysplasia. The mean duration 
of malignant transformation of the OSF patients with 

and without epithelial dysplasia was 40  months 
(3.3  years) and 52.3  months (4.4  years), respectively. 
However, this difference was not significant.

Hazarey et  al. [8] carried out a retrospective 
hospital- based study among a cohort of  1000 Indian 
patients with OSF, 830 males, and 170 females. Clinical 
diagnosis of  OSF patients was confirmed by surgical 
biopsies among a subgroup of  cases; however, the num-
ber of  these cases is unknown. Of the OSF patients, 33 
cases (3.3%) transformed to malignancy; most of  the 
malignant cases (28 cases) were diagnosed as OSCCs, 
while the remaining five cases were diagnosed as ver-
rucous carcinomas. The gender and age of  the malig-
nant transformed cases were not mentioned; however, 
the authors reported significant associations between 
the malignant transformation of  OSF cases and the 
frequency and duration of  smoking and betel quid/
tobacco chewing.

Zhou et  al. [19] conducted a case-control study 
among a cohort of 82 Chinese patients (40 with OSCC 
at the background of OSF and 40 with OSF as controls) 
to assess the risk factors of OSF malignant transforma-
tion. The vast majority of the included subjects were 
males (97.6%). The mean age of patients in the OSF- 
OSCC group and OSF control group was 45 years and 
38 years, respectively. The most common site of carci-
noma involvement was the tongue (61.9%), followed by 
the buccal mucosa (28.6%) and the gingiva (9.5%). The 
authors reported significant associations between the 
malignant transformation of OSF and patient age 
(p = 0.001, OR 12.59), duration of betel quid chewing 
(p  =  0.008, OR 10.15), duration of cigarette smoking 
(p = 0.025, OR 7), and concomitant presentations with 
oral leukoplakia or oral lichen planus (p = 0.019, OR 
8.04).

Wang et  al. [9] performed a retrospective study 
among a cohort of 5071 Taiwanese patients with 
OPMDs; all cases were associated with histopathologi-
cal assessments. Of these, 1180 patients were diagnosed 
with OSF (994 OSF cases without epithelial dysplasia 
and 186 OSF cases with epithelial dysplasia). The mean 
age of patients at the time of diagnosis was 
44.7  ±  12.4  years for OSF patients without dysplasia 
and 47.7 ± 11.8 years for OSF patients with epithelial 
dysplasia. Of all OSF cases, the malignant transforma-
tion was reported in 46/1180 cases (3.9%); 40 cases of 
them were diagnosed as OSCCs, and 6 cases were diag-
nosed as verrucous carcinomas. The rate of the malig-
nant transformation was higher among OSF patients 
with epithelial dysplasia than OSF cases without epithe-
lial dysplasia, 4.8% vs. 3.7%. The mean duration of the 
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malignant transformation was higher for OSF patients 
with epithelial dysplasia (3.6  years) in comparison to 
those without epithelial dysplasia (3.12 years). Although 
the authors found that the malignant transformation of 
OPMDs is statistically significantly associated with 
patients aged more than 45 years (p = 0.03) and male 
patients (p = 0.001), no data were provided specifically 
for OSF.

Chourasia et  al. [10], conducted a retrospective 
study among a cohort of  344 Indian patients (225 
patients with OSCC and 119 patients with OSF) to 
assess the incidence of  OSCC arising secondary to 
OSF as well as the associated risk factors. Of  the OSF 
patients, there were 88 males and 31 females; more 
than 97% of  them had the habit of  areca nut/tobacco 
chewing. Five OSF patients progressed to carcinoma, 
giving a malignant transformation rate of  4.2%. 
However, the mean duration taken for malignant 
transformation was not specified. The incidence of  the 
concomitant presentations of  OSCC with OSF was 
statistically significant (p < 0.05), and it was reported 
in 25.7% of  the OSCC cases.

Mohiuddin et  al. [18] carried out a cross-sectional 
multicentre study among Pakistani patients diagnosed 
with OSCC and/or OSF between 2004 and 2012 with a 
major aim to identify the risk factors for the malignant 
transformation of OSF. The malignant transformation 
rate of OSF was not assessed in this study. However, a 
statically significant association between various chew-
ing habits and OSF malignant transformation was 
reported, p = 0.001.

Yang et al. [11] performed a retrospective study to 
assess the malignant transformation rate of  OSF 
among Taiwanese patients. Data were retrieved from 
Taiwan’s National Health Insurance Research Database 
and included 778 OSF patients in addition to a control 
group of  43,568 non-OSF individuals. OSF patients 
were predominantly males (87.1%), while the mean age 
of  patients was 41.8  ±  11.7  years. The hazard ratios 
(HRs) were calculated to assess the OSF-associated 
risk of  malignancy. The malignant transformation rate 
among the OSF patients was higher than that of  the 
control group, 9.1% and 0.3%, respectively. The mean 
duration of  the malignant transformation was 2.5 years 
for the OSF patients and 5.1 years for the controls. The 
authors concluded that OSF patients were associated 
with a higher risk of  malignancy in comparison to the 
control group (adjusted HR: 29.3; 95% CI: 20.5–41.7). 
The risk of  malignancy was higher among the male 
OSF patients in comparison to the female OSF patients 
(adjusted HR: 14.5; 95% CI: 3.6–58.6). To further 
stratify the risk of  malignancy among OSF patients, 
the authors reported that the concomitant presence of 
oral leukoplakia increased the malignant transforma-

tion risk by up to 52.5 times in comparison to the non-
OSF patients.

Wang et  al. [17] conducted a retrospective study 
among a cohort of 11,898 Taiwanese patients with oral 
leukoplakia. Although this study aimed mainly to assess 
the malignant transformation risk of oral leukoplakia, 
the possible synergistic effects between oral leukoplakia 
and OSF in the malignant transformation were anal-
ysed. The authors reported that OSF enhances the 
malignant transformation of oral leukoplakia and 
increases the risk of malignancy: adjusted HR 27.1 (95% 
CI: 18.9–38.6) for oral leukoplakia alone in comparison 
to controls and adjusted HR 53.4 (95% CI: 34.6–98.5) 
for oral leukoplakia and OSF in comparison to the con-
trols. However, the mean duration of the malignant 
transformation was lower for the cases of oral leukopla-
kia alone than the cases with oral leukoplakia and OSF, 
1.8 years and 2.6 years, respectively.

Chuang et  al. [12] performed a prospective study 
with an average follow-up time of 5.7 years for a cohort 
of 8501 Taiwanese patients with OPMDs. Of these, 
there were 2333 OSF patients and all of them were 
males. The malignant transformation rate among the 
OSF patients was 4.9%. The estimated annual malig-
nant transformation risk per 1000 person-years for OSF 
betel nut chewing was 8.9. This risk was higher for OSF 
patients with alcohol-drinking habits, 10.0 per 1000. 
OSF patients aged between 50 and 69 years were associ-
ated with a higher annual malignant transformation risk 
(10.2 per 1000) in comparison to patients in other age 
groups.

Rangaswamy et al. [16] performed a prospective case 
series to describe 30 cases of OSCC in the background 
of OSF related to Indian patients. The mean age of 
patients was 44.5 years. More than four-quarters of the 
cases were associated with males, and more than 73% of 
the cases were linked to a previous history of gutkha 
usage.

Chiang et  al. [13] retrospectively assessed 555 
Taiwanese patients with OPMDs for a mean follow-up 
period of 6.7  years. Out of the 87 OSF cases in this 
cohort, four patients developed malignancy (4.6%). The 
duration of the malignant transformation ranged 
between 6 and 60 months. Heavy betel quid chewing was 
reported as a significant independent risk for the malig-
nant transformation of OPMDs; however, no specific 
data were provided for OSF alone.

Srivastava et  al. [15] conducted a cross-sectional 
descriptive study to assess the prevalence of OPMDs 
among 3735 Indian patients with oral lesions. A group 
of 9060 healthy subjects without a history of oral lesions 
were included as a control group. Of the OPMDs group, 
2150 patients were diagnosed with OSF. The OSF malig-
nant transformation rate was not assessed in this study; 
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however, the authors concluded that betel quid chewing, 
with or without tobacco, is the major risk factor for 
OPMDs and oral cancers.

Jian et  al. [14] reported a prospective study con-
ducted in a single institution in Hunan province in 
China. Among 567 patients enrolled from 1986 to 2017 
and diagnosed with OSF, 32 cases transformed into 
OSCC (32/567, 5.6%). In 1 patient (3%), the malignant 
transformation was observed 24  years after the initial 
diagnosis. The presence of oral leukoplakia increased 
the rate of malignant transformation.

7.4  Epithelial Dysplasia and OSF

The presence of epithelial dysplasia increases the malig-
nant transformation risk among OPMDs in general 
[27] and OSF in particular [3, 28–30]. However, among 
the studies that assessed the malignant transformation 
rate of OSF, we found that only two studies included 
the presence or absence of epithelial dysplasia in their 
cohorts [7, 9]. None of these studies differentiated 
between the grades of dysplasia. This may be attributed 
to the classic presumption that fibrosis in OSF starves 
the tissue and reduces epithelial thickness as a result 
of blood vessel construction, which in turn reduces the 
probability of epithelial dysplasia [29]. However, a more 
logical presumption hypothesizes that the reduction of 
blood supply would lead to the accumulation of carcin-
ogens in the epithelium for a longer time, which in turn 
would increase the genotoxicities of these carcinogens 
and stimulate epithelial changes and malignant trans-
formation [29].

In 2011, Jayasooriya et al. documented a significant 
increase in the incidence of epithelial dysplasia as the 
fibrosis thickness increased (p = 0.004), and at the same 
time found that OSF cases with moderate epithelial dys-
plasia had a significantly thicker fibrous layer than cases 
with mild epithelial dysplasia (p  <  0.005) [28]. On the 
contrary, another study showed that neither the fibrosis 
thickness nor the grade of epithelial dysplasia is related 
to each other [31]. In this respect, it is worth noting that 
in 2021, Sanjai [32] noted that using the WHO grading 
system of epithelial dysplasia is not possible with all 
OSF cases, as some features of atypia are not discernible 
[33]. Instead, the author recommended using the binary 
system for grading epithelial dysplasia of Kujan et al. 
[34], with some modifications relevant to OSF [32].

Epithelial dysplasia has been reported in 2.5–43% of 
OSF cases in various studies [7, 9, 28, 35]. The meta- 
analysis by Kujan et  al. determined that out of 414 
patients with OSF and oral leukoplakia or epithelial 
dysplasia, 40 patients exhibited malignant transforma-
tion (9.7%), in comparison to 78 out of 1963 OSF 

patients without epithelial dysplasia or oral leukoplakia 
(4%), p < 0.005 [3].

7.5  Potential Risk Factors of Malignant 
Transformation among OSF Patients

7.5.1  Areca Nut Usage as a Major 
Carcinogen

The significance of this disorder is seen from the global 
epidemiology of areca nut usage, where it is estimated 
that this substance is regularly consumed by approxi-
mately 600 million people worldwide [36]. However, 
there are challenges in documenting areca nut usage and 
its role in malignant transformation in OSF because the 
areca nut is usually wrapped in the leaf of Piper betle 
and masticated in combination with a huge range of 
additives, including tobacco [37, 38]. These additives 
vary between countries, communities, and individuals, 
to a level that may not be easy to qualify.

It is well established that areca nut is the major etio-
logical factor for OSF [39, 40]. In 2004, the International 
Agency for Research on Cancer Monographs declared 
areca nut and betel quid as a “group one carcinogen” 
[40]. This means that there is enough evidence to con-
clude that it can cause cancer in humans. Areca nut is 
consumed either alone or as betel quid, where the latter 
refers to any chewing materials that contain areca nut 
besides a wide range of additives [38]. One of the sig-
nificant pathways for carcinogenesis in subjects chewing 
area nut is oxidative DNA damage [41, 42]. This is sup-
ported by statistically significant serum uric acid values 
in OSF patients compared to controls [43].

While it has been estimated that the risk of malig-
nancy is 35-fold higher among those who smoke and 
drink alcohol, a report shows that this risk jumps to be 
123-fold among those who smoke and drink alcohol 
besides chewing betel quid [44]. A previous retrospective 
study revealed that 68% of women with buccal cancer 
and 84% of women with tongue cancer are non-smokers 
and only chew betel quid [45]. According to that study, 
the elimination of chewing habits would substantially 
reduce this risk of malignancy by up to 91% [45].

In general, areca nut can contribute to malignant 
transformation through two major pathways: alkaloids 
and trace elements. Four major alkaloids have been 
specified in areca nut: arecoline, guvacine, arecaidine, 
and guvacoline. Of these, arecoline (1,2,4,5-tetrahydro- 
1-methyl-pyridine carboxylic acid) is the most potent, as 
it has cytotoxic and genotoxic properties on oral muco-
sal fibroblasts and keratinocytes. A dose-dependent 
effect of arecoline in inhibiting gingival fibroblast 
attachment and migration in vivo was documented [46]. 
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Furthermore, collagen synthesis was significantly inhib-
ited by the action of arecoline [46]. A previous study to 
identify a possible mechanism of arecoline-induced car-
cinogenesis found that arecoline downregulated p21 and 
p27 through the reactive oxygen species/mTOR complex 
1 and facilitated G [1]/S transition of the cell cycle, 
which subsequently led to error-prone DNA replication 
[47]. Another animal study found that chronic exposure 
to arecoline downregulates tumour suppressor genes 
BRCA1 and BRCA2 and increases the risk of cancer 
formation [48].

On the other hand, a high copper concentration in 
the areca nut could play a potential role in the malignant 
transformation of OSF.  A previous study reported a 
higher mean salivary copper level in OSF than oral leu-
koplakia and oral lichen planus [49]. Another study 
found a significant increase in serum copper level among 
patients with OSF and oral cancers in comparison to 
normal controls [50]. Likewise, it has been reported that 
the level of serum copper increased gradually from OSF 
to oral cancer as the duration of areca nut consumption 
increased [51]. The high copper content of areca nut has 
been shown to stimulate tumour angiogenesis by acti-
vating several angiogenic molecules, such as vascular 
endothelial growth factor (VEGF), tumour necrosis 
factor-α (TNF-α), and interleukin-1 (IL-1) [52].

7.6  Pathological Mechanisms 
of the Malignant Transformation 
of OSF

Although the potential of malignancy of OSF was first 
described in 1956 [4], the pathological mechanisms impli-
cated have yet to be elucidated. However, the pathogen-
esis of this disease is believed to be multifactorial, where 
numerous pathways and molecules are implicated. These 
pathways are among the hallmarks of cancer, namely 
hypoxia, angiogenesis, alterations in the cell cycle, and 
epithelial-mesenchymal transition [52–54].

7.6.1  Hypoxia

It is widely accepted that connective tissue fibrosis, as 
a characteristic pathological feature for OSF, i.e. nar-
row blood vessels, further results in compromised blood 
supply and lesional hypoxia. Therefore, several previous 
reports have highlighted the possible role of hypoxia in 
the malignant transformation of OSF [55]. Hypoxia- 
inducible factor 1α (HIF-1α), a known transcription 
factor induced by hypoxic conditions, is significantly 
upregulated at both the protein and mRNA levels in 
OSF cases with epithelial dysplasia [35]. Therefore, 

HIF-1α was proposed for use as a marker of malignant 
transformation in OSF cases [35]. Moreover, a previ-
ous study by Jayasooriya et al. in 2011 revealed that the 
severity of epithelial dysplasia grade was significantly 
associated with the thickness of fibrosis in OSF cases 
[28]. This finding was attributed to the advancement of 
fibrosis in OSF, which reduces local vascularity, result-
ing in hypoxia, and in turn increases the incidence and 
the grade of epithelial dysplasia [28]. Based on these 
findings, Ye et al. proposed using hyperbaric oxygen as 
a supplementary therapy to treat OSF, as it can increase 
oxygen tension at the cellular level and reduce the 
expression of HIF-1α at the molecular level [56].

7.6.2  Angiogenesis

In environments with reduced oxygen concentrations, 
HIF-1α activates several hypoxia-related genes and 
upregulates VEGF, which in turn promotes angiogen-
esis in an attempt to compensate for the oxygen reduc-
tion [57]. However, once the malignant process begins, 
angiogenesis promotes malignant proliferation by caus-
ing normally quiescent vasculature to continue grow-
ing to assist growing neoplastic mass [58]. A previous 
study in 2014 performed computer-aided quantification 
of immunohistochemical images and proposed using 
HIF-1α as a strong screening marker of OSF and VEGF 
for risk stratification [59].

7.6.3  Alterations in Cell Cycle

Proliferating cell nuclear antigen (PCNA) acts as a cen-
tral coordinator of DNA transactions involved in DNA 
replication, repair, chromatin dynamics, and cell cycle 
regulation [60]. PCNA is used to assess proliferative 
activities and is known to be highly expressed in malig-
nancies. However, several previous reports revealed a 
significantly higher expression of PCNA in OSF cases 
than in normal tissues, in addition to a significant 
increase of PCNA expression in dysplastic OSF cases in 
comparison with non-dysplastic OSF [60].

7.6.4  Epithelial-Mesenchymal Transition

Epithelial-mesenchymal transition (EMT) is a com-
plex biological process in which polarized epithelial 
cells undergo multiple biochemical changes to gain the 
migratory and invasive properties of  mesenchymal stem 
cells [61]. The most characteristic feature associated 
with EMT is the loss of  E-cadherin expression [61]. 
E-cadherin is considered an important tumour suppres-
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sor gene that is localized on the surfaces of  epithelial 
cells and responsible for adherens junctions [62]. The 
reduction of  E-cadherin expression has been correlated 
with a poor OSCC prognosis in many previous stud-
ies [63]. Transcription factors such as Snail (SNAI1), 
Slug (SNAI2), and Twist, as known repressors for 
E- cadherin, are involved in the pathogenesis of  areca 
nut-related OSF. In a recent study (2021), the authors 
found that the expressions of  Snail and Twist were sig-
nificantly higher in OSF than in normal tissues. This 
association was concomitant with a significant loss of 
E-cadherin  expressions among OSF with dysplasia [64]. 
This suggests a possible role for this mechanism in the 
malignant transformation of  OSF [64]. Another study 
revealed that Twist transcript and protein expression 
were higher in areca nut-associated OSF than in nor-
mal tissues [65]. A previous in vivo experiment reported 
that treatment of  human primary buccal mucosal fibro-
blasts with arecoline increased the Twist expression 
transcript and protein levels in a dose-dependent man-
ner, while this phenomenon was reversed by knocking 
down Twist [65].

7.7  Prognosis of OSF Malignant 
Transformation

OSF is not only a condition with high morbidity and 
mortality rates; it is believed that OSF-associated malig-
nancy represents a distinctive clinicopathological, mor-
phological, and histological disease [66]. This has been 
attributed to the distinct biochemical mechanisms of 
the areca nut [52]. Many studies have shown that OSF- 
associated malignancy has a younger age of onset than 
other non-OSF-associated malignancies [16, 66–68]. 
Moreover, OSF-associated malignancy was associated 
with more aggressive pathological behaviours, although 
this association was not significant [67]. The metasta-
sis and recurrence rates of OSF-associated malignancy 
were 13.5% and 39.1%, respectively, while these rates 
were lower in non-OSF-associated malignancies, 7.6% 
and 27.8% [67]. On the contrary, other studies found that 
regional lymph node metastasis and 3-year disease- free 
survival were significantly higher in non-OSF- related 
malignancies compared to OSF-associated malignancies 
[66, 68]. This was attributed to the potential protective 
effect of fibrosis in OSF, where collagen with abnormal 
cross-linking may resist the invasion process. This can 
also be explained by the ability of fibrosis to reduce and 
block submucosal lymphatics [66, 68]. Nonetheless, the 
current evidence is insufficient to support these supposi-
tions.

Regarding the histopathological features, it has been 
reported that OSF-associated malignancies are signifi-

cantly associated with a better grade of tumour differen-
tiation, i.e. well-differentiated squamous cell carcinoma. 
In contrast, non-OSF-related malignancies were signifi-
cantly associated with moderate- and low-differentiated 
squamous cell carcinoma [66].

One study found that OSF patients with reduced 
mouth opening presented with a more advanced tumour 
stage [16, 69]. Although the evidence is not strong 
enough to support this association, this can be attrib-
uted to the difficulty of earlier diagnosis among patients 
with limited mouth opening.

7.8  Conclusion

OSF is a widespread condition with very limited pub-
lished data on malignant transformation. While there 
is reason to suggest that the malignant transformation 
potential associated with OSF is underestimated, the cur-
rent malignant transformation rate based on our analy-
ses is around 4.87%. The risk of malignancy is increased 
substantially by the concomitant presence of oral leu-
koplakia and epithelial dysplasia with OSF. The risk of 
malignancy is directly associated with the dose and dura-
tion of areca nut chewing. There is an urgent need to 
conduct well- designed, multicentre longitudinal studies 
to further investigate the potential malignancy of OSF.

 Summary
The current evidence indicates that oral submucous 
fibrosis is associated with a malignant transformation 
rate of 4.87% while the annual malignant transforma-
tion rate is 0.84%. The risk of malignancy is directly 
linked with the concomitant presentation of oral leu-
koplakia, as well as the dose and duration of areca nut 
chewing.
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