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Abstract

Oral squamous cell carcinoma (OSCC) has the highest prevalence in head and neck can-
cers and is the first and second most common cancer in males and females of Pakistan
respectively. Major risk factors include peculiar chewing habits like areca nut, betel quid,
and tobacco. The majority of OSCC presents at an advanced stage with poor prognosis. On
the face of such a high burden of this preventable cancer, there is a relative lack of recent
robust data and its association with known risk factors from Pakistan. The aim of this study
was to identify the socioeconomic factors and clinicopathological features that may contrib-
ute to the development of OSCC. A total of 186 patients diagnosed and treated at a tertiary
care hospital, Karachi Pakistan were recruited. Clinicopathological and socioeconomic infor-
mation was obtained on a structured questionnaire. Descriptive analysis was done for
demographics and socioeconomic status (SES) while regression analysis was performed to
evaluate the association between SES and chewing habits, tumor site, and tumor stage.
The majority of patients were males and the mean age of OSCC patients was 47.62+12.18
years. Most of the patients belonged to low SES (68.3%) and 77.4% were habitual of chew-
ing. Gender (male) and SES were significantly associated with chewing habits (p<0.05).
Odds of developing buccal mucosa tumors in chewers (of any type of substance) and gutka
users were 2 and 4 times higher than non-chewers respectively. Middle age, chewing hab-
its, and occupation were significantly associated with late stage presentation of OSCC
(p<0.05). In conclusion, male patients belonging to low SES in their forties who had chewing
habits for years constituted the bulk of OSCC. Buccal mucosa was the most common site in
chewers and the majority presented with late stage tumors.
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Introduction

Cancer is by far the first and second most common cause of death in developed and developing
countries respectively [1]. The GLOBOCAN 2018 presented an estimation of 18.1 million new
cases of cancer and 9.6 million deaths from cancer in 2018 [2], which was 14.1 and 8.2 million
respectively in 2012. Amongst all the cancers, Head and Neck Squamous cell carcinoma
(HNSCC) presents with 600,000 cases worldwide, with 40-50% mortality annually and the
burden is estimated to almost double in developing countries by 2030 [3]. Most of these
tumors arise from the epithelial cells of oral cavity (OC), oropharynx, larynx or hypopharynx
[4]. Oral squamous cell carcinoma (OSCC) has the highest prevalence in the HNSCC group
that has shown to be 11" and 18" most common cancer worldwide as per 2012 and 2018 data
respectively. This overall global decrease in the prevalence of OSCC is attributed to the lesser
chewing habits and geographic heterogeneity, however, it is still the most common cancer in
South Asia, South Central Asia as well as the Pacific Islands (Papua New Guinea, with the
highest incidence rate worldwide in both sexes). In 2018, India alone had estimated 120,000
new patients diagnosed, of which about 72,000 patients died [5]. Taiwanese region has also
presented with the world’s highest incidence rates of OC cancer which accounted for 8% of all
new cancers diagnosed and 6.3% of all cancer deaths in 2014 [6]. In the subcontinent, this can-
cer ranks first in Bangladeshi and Pakistani males (9).

The anatomy of OC is critical because of interrelated structures and for long time carcino-
mas of oral cavity and oropharynx were grouped as OSCCs which also changed the epidemio-
logical data [7]. Advanced translational and clinical researches have now been able to
differentiate both in many aspects [8]. Tumors of oropharynx involve the base of tongue,
palantine tonsils, soft palate and adenoids [9] whereas, OC starts from the vermillion of the
lips and extends posteriorly to circumvallate papillae of the tongue including the alveolar ridge
and gums, the anterior two-thirds of the tongue, floor of the mouth, buccal mucosa, retromo-
lar trigone, and hard palate [10]. Amongst OSCC sites, tongue and buccal cavity cancers are
more common followed by lip and palate [7]. The risk factors of OSCC vary with geographic
location which include smoking, alcohol, variable chewing habits, and infection with high-risk
human papillomaviruses (HPVs) among others. Lip and OC cancer were the 2% most com-
mon cancer in Pakistan if both genders are combined (10.9%) and first in males with 15.9%
new cases. This increase in the burden is associated with the increased use of areca nut or any
type of smokeless tobacco (SLT). SLT is a group of more than 30 products that differ in their
toxicity and addictiveness depending upon the composition [11]. The classic chewing sub-
stances are betel quid (synonym with paan contains betel leaf, slaked lime, areca nut, and
tobacco), gutka (areca nut, tobacco, paraffin wax, slaked lime, and any flavoring) pan masala
(slaked lime, areca nut, tobacco, musk ketones), naswar (tobacco, ash, lime), tobacco, main-
puri, and mawa (tobacco, lime, and areca nut) [12]. These substances contain around 28
known carcinogens amongst which arecoline, nonvolatile alkaloid-derived, nitrosamines, vol-
atile aldehydes, flavonoids and tannins are of prime importance [13, 14]. All these chemical
compounds change the normal morphology of the cells thus inducing cytogenetic or genetic
alternations. Low socioeconomic status (SES) has predictive importance specifically for
HNSCC and an increased incidence has been reported in low-income countries [15-17]. In
the local context, the frequency of chewing habits has also been shown to be associated with
low socioeconomic backgrounds, education, and is more prevalent in males [18, 19]. Chal-
lenged with such a high burden of OSCC in our population, there is a relative lack of informa-
tion regarding the prevalence and association of these habits with OSCC and low SES in recent
times. This study aimed to estimate the association of socioeconomic factors, chewing habits
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including frequency of chewing, smoking as well as location and family history with clinico-
pathological features of OSCC in a subset of high risk Pakistan population.

Methodology
Study design

Cross-sectional study design was used where the population was defined as those who had
developed OSCC. A total of 186 OSCC diagnosed patients of 2017 were recruited. Sample size
of the study was calculated by Epi info 7 while considering population as unknown; the follow-
ing assumptions were used for sample size calculation; 80% power, 0.05 significance level with
odds ratio (OR) of 2, and 30% expected proportion of OC patients without chewing habits.

Inclusion/exclusion criteria

Inclusion criteria: Only those patients were recruited who were diagnosed and treated for
OSCC at Aga Khan University Hospital (AKUH), a tertiary care hospital in Karachi Pakistan,
and gave their informed consent at the time of surgery for their sample to be used for the
research purposes. People of any age were included in the study. Consent was also taken before
asking the questions and in case of deceased, consent and information were obtained from an
immediate family member.

Exclusion criteria: Anyone not meeting the inclusion criteria or people who refused to pro-
vide information and with missing contact information were excluded.

Ethical approval

Under an Institutional Review Board approval at AKUH, ethical approval for the current
study was obtained (via its letter 4091-Pat-ERC, dated June 15, 2016).

Data collection

The list of OSCC patients after their surgery at Aga Khan University Hospital was obtained
from Department of Health Information Management Services (HIMS). Initial information of
195 patients about medical record number, patient contact information, tumor site, and date
of the surgery was gathered from the list obtained and screening of patients was done as per
inclusion criteria. Detailed pathology reports were reviewed to acquire information regarding
tumor stage, grade, and site. Socio-demographic details including, age, marital status, location,
educational level, occupation, social status, chewing habits, history of cancer in the family, fre-
quency of chewing and, type of chewing substance were directly collected from patients on a
structured questionnaire. Out of 195, eight patients could not fulfill the criteria and were
excluded leaving the total sample size of 186. Amongst the variables, ‘Occupation status’ was
used to define if there are any means of earning a living and as a key measure of socioeconomic
status whereas, ‘Occupation’ further elaborated type of work. Participants were asked about
the type of occupation and it was categorized into “labor” (any kind of unskilled or skilled
manual labor), any kind of business (vendor to factory owner), and office/desk work. Income
stratification was based on World Bank classification where income below $1.90 per day is
considered as low-class income and the range was set according to current contextual socio-
economic conditions [20, 21]. Participants who had the habit of chewing any substance for at
least six months to one year at any point in their life were considered as ‘chewers” and fre-
quency was defined as number of quid or substances chewed per day [22, 23]. All types of
chewing substances used by patients were included and frequency was taken as 1-5, 6-20, and
more than 20 times per day. Cigarette smoking was considered habitual if an individual had
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been smoking for more than a year and was further divided based on per day consumption
into casual/light smoker, i.e., < 5 cigarettes/day while heavy smokers were further divided in
two categories i.e., < or equal to one pack (20 cigarettes)/day and > one pack or 20 cigarettes/
day [24]. Tumor sites were grouped into buccal and non-buccal (including lip, tongue, palate,
retromolar trigone). The staging was done according to AJCC 8" Edition criteria and grouped
as Early stage (I, IT) and Late stage (III, IV). For oral cancer, tumors localized to the organ or
site of origin are classified in stages I and II. Local extension of the primary tumor or spread to
regional lymph nodes changes the stage to IIl and IV. In the case of OSCC, classification of cat-
egory T has been revised according to the “depth of invasion (DOI)”. If the tumor thickness is
<2 cm with DOI < 5 mm that is T1, but if the same tumor has DOI >5 mm and <10 mm, it
will be T2. Similarly, T3 would be a tumor of size > 4 cm and DOI < 10 mm, but if DOI
becomes >10 mm, T classification upstages to T4 regardless of the tumor size. Nodal status
(N) is categorized into NO = no regional lymph node metastasis, N1 = metastasis in single ipsi-
lateral node <3 cm without ENE, N2 = metastasis in a single ipsilateral node which is either
<3cm with ENE or >3 cm but <6 cm without ENE, or metastasis in multiple ipsilateral or
contralateral/bilateral lymph nodes without ENE, none of which is >6 cm. N3 = metastasis in
alymph node >6 cm without ENE or single ipsilateral node >3 cm with ENE or multiple ipsi-
lateral, contralateral or bilateral lymph nodes of any size with ENE. Metastasis (M) is classified
into MO (no distant metastasis) and M1 (distant metastasis) [25].

Data analysis

Data were analyzed using the SPSS package 20 (IBM, Rochester, USA) for the association and
variables included were age, gender, patient current condition, marital status, location, educa-
tional level, type of occupation, monthly income, chewing habits, frequency of chewing, type
of chewing substance, smoking, frequency of smoking, history of cancer in the family, tumor
stage, and tumor site. Descriptive properties were checked by the frequency table of all psycho-
social factors and in case of using multiple chewing products by one patient, each product was
considered separately. Odds ratios and their respective 95% confidence intervals (CI) were
estimated using univariate and multivariate logistic regression taking tumor site, chewing
habit, and tumor stage as dependent variables. All analyses were set as two-sided and a p-value
less than 0.05 was considered significant. For analysis purpose values in some variables were
grouped based on the overall data trend. For logistic regression people with unknown job sta-
tus, retired, unemployed and housewives were grouped into “unemployed” and laborers, busi-
nessmen (factory, shop, and stall), and daily wagers were grouped as “employed”. Primary,
middle, and matric education was grouped as “Primary to Matriculation”. Intermediate
(equivalent to 12 years of high school) and diploma were grouped and with unknown educa-
tion level were assumed uneducated.

Results

Socio-economic status (SES) was determined by descriptive analysis and by performing uni-
variate and multivariate logistic regression, odds ratios were calculated to determine the asso-
ciation between dependent variables and other variables. Table 1 illustrates the baseline socio-
demographic characteristics of the patients. Overall, 186 patients sample were taken, out of
which 149 were males, and 37 were female (4:1 ratio). The participants’ mean age was 47.6
years, amongst which 80.1% were alive (both genders). The population of the study comprised
of different occupations in which 30.1% were laborers, 22.6% were businessmen, and 18.3%
were working in the office. Amongst this population, most of the people belonged to the group
of earning <$120 (PKR20,000), 36% of the participants’ monthly income was between $120-
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Table 1. Descriptive analysis for demographics and Socioeconomic status (SES) and clinicopathological features of OSCC. N = 186.

Characteristics ‘ Frequency (n) Percentage (%)
1. Gender

Male 149 80.1

Female 37 19.9

Mean age of the Participants = 47.62+ 12.18

Patient current status

Alive 149 80.1

Dead 37 19.9
4. Occupation status

Employed 132 71

Unemployed 54 29
5. Type of occupation

Labor 56 30.1

Businessman 42 22.6

Office worker 34 18.3

Housewife 35 18.8

Retired 9 4.8

Not defined 10 10.2
6 Monthly income of family

Less than $120(<PKR 20,000) 84 45.2

$120-250 (PKR 20,000-40,000) 43 23.1

$250-380 (PKR 40,000-60,000) 24 12.9

More than $380 (>PKR 60,000) 35 18.8
7 Location

Karachi 110 59.1

Hyderabad 38 20.4

Interior Sindh 20 10.8

Other than Sindh province 18 9.7
8 Marital Status

Married 171 91.9

Unmarried 15 8.1
9 Education

Uneducated 52 28.0

Primary till Matriculation 66 35.5

Intermediate/Diploma 25 13.4

Graduation/Master 43 23.1
10. Smoking Status

Yes 41 22.0

No 145 78
11. How many cigarettes do you smoke per day?

Casual (< 5 cigarettes per day) 13 31.7

< than 1 pack per day (20 cigarettes) 20 48.8

>than 1 pack per day 8 19.5
12. Addiction to Chewable tobacco

Yes 144 77.4

No 42 22.6
13. Mean age of patients with habit of chewing = 46.2+ 11.8
14. Mean age of patients without habit of chewing = 52.4+ 12.3

(Continued)
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Table 1. (Continued)

Characteristics Frequency (n) Percentage (%)
15. Type of Chewable tobacco

Betel quid (paan) 80 43.0

Gutka 59 31.7

Mawa 4 2.2

Naswar 9 4.8

Areca nut (chalia) 44 23.7

Tobacco 31 16.7
16. Frequency of Chewable Tobacco

Less than 5 times a day 72 50.0

6-19 times a day 37 25.7

> than 20 times a day 35 24.3
17. Family History of Cancer

Yes 31 16.7

No 155 83.3
18. Diagnosis of the family members having cancer

Oral Cancer 4 12.9

Lung Cancer 1 3.2

Other Cancer types 26 83.9
19. Treatment of Participant

Surgery 41 22.1

Chemotherapy 2 1.1

Radiotherapy 9 4.8

Surgery + Chemotherapy 9 4.8

Surgery + Radiotherapy 25 13.5

Chemotherapy + Radiotherapy 27 14.5

Surgery + Chemotherapy + Radiotherapy 73 39.2
20. Participant Site of Tumor

Buccal Mucosa 128 68.8

Non-buccal Mucosa 59 31.7
21. Grade of the Tumor

Grade I 39 20.6

Grade Il 127 67.2

Grade III 23 12.2
22. Stage of Tumor

Early Stage (LII) 39 21.0

Late Stage (IIL, IV) 147 79.0

https://doi.org/10.1371/journal.pone.0236359.t001

250 (PKR20,000 and 40,000) while only 18.8% participants’ had monthly income >$ $380
(PKR 60,000). The population was also analyzed based on their location and address, in which
59.1% were from Karachi (the capital city of province Sindh), 20.4% from Hyderabad (a twin
city of 165km from Karachi) and 10.7 and 9.7% were residents of interior Sindh and other
than Sindh, respectively. Based on the education level, 13.4% and 23.1% had intermediate
(higher secondary school) and graduation level of education, respectively, while 28% were
uneducated. Amongst the participants, only 22% were found to be smokers, in which 19.5%
were chain smokers who smoked more than 20 cigarettes per day (1 pack). It was found that
77.4% of the participants had habit of chewing in any form. Some of the patients were observed
to have chewing habits for more than one type of substance. This resulted in a larger
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summation of this variable than the sample size, which was adjusted by logistic regression
analysis. In this cohort, less than half of the participants (43%) were habitual of betel quid
(paan) followed by gutka. Frequency of chewing any type of SLT or areca nut clustered mostly
around 5 times per day while 24.3% chewed almost 20 times per day. The participants were
assessed for the cancer history in the family, 16.7% of the participants had a family history of
cancer, and 12.9% with OC cancer while rest had lung or other types of cancers. Based on the
treatment types in which 39.2% of the participants underwent multimodality i.e., surgery, che-
motherapy, and radiotherapy. For the site of tumor, 68.8% had buccal mucosal cancer while
67.2% had Grade II (moderately differentiated) tumors. Moreover, 79% of the participants pre-
sented with late stage of cancer.

Univariate logistic regression analysis of SES with chewing habits indicated the association
(Table 2). At CI 95%, OR>1, and p< 0.05 the variables were considered to be significant.
Males were 2.2 times more likely to be chewers than females (CI: 1.02-4.93). In income, the
highest odds of chewing were observed in the group of $120-250 [OR: 3.644, (CI: 1.21-
10.97)], whereas people with income above $250 were less likely to have chewing habits. People
with basic level education (primary to high school) were 4.2 times more likely to be chewing
followed by higher secondary school education [OR: 3.433, (CI: 1.00-11.76)]. Marital status,
smoking habits (and frequency), family history of cancer, type of cancer in the family, and
kind of occupation did not show any association with the chewing habits. Multivariate analysis
was performed for possible confounding factors (Table 2, Model 1). The model was adjusted
for age, gender, patient status, marital status, and monthly income due to the biological impor-
tance of the variables. An insignificant p-value of chi-square in Hosmer and Lemeshow Test
validated the goodness-of-fit of the model. For chewing habits of OSCC patients, the factors
statistically significant included education record; either primary to matric or uneducated
(adjusted OR 5.876, CI: 1.61-21.45, adjusted OR 6.323, CI: 1.55-25.70) and location.

Table 2. Model 1, univariate and multivariate regression analysis of SES variables with chewing habits as dependent variables in OSCC patients.

Factors Chewing habits (Yes) n (%) | Chewing habits (No) n (%) |OR (95% CI)-univariate |Adjusted OR (95% CI)-multivariate
Age 46.2+11.8 52.4+12.3 1.0 (1.01-1.05)
2. | Gender
Female 24 (64.9) 13(35.1) 1(Reference)
Male 120 (80.5) 29(19.5) 2.2 (1.02-4.93)
3. | Monthly income
>$380 (PKR 60,000) 22(62.9) 13(37.1) 1
$120-250 (PKR 20,000-40,000) | 37(86.0) 6(14.0) 3.6 (1.21-10.97)
< $120 (PKR 20,000) 68(81.0) 16(19.0) 2.5 (1.05-6.03)
4. | Location
Other than Sindh 9(50.0%) 9(50.0%) 1
Karachi 89(80.9) 21(19.1) 4.2 (1.50-11.98)
Hyderabad 34(89.5) 4(10.5) 8.5 (2.12-34.06) 17.0 (2.54-114.52)
5. | Education
Graduation & above 26(39.5) 17(60.5) 1
Inter/Diploma 21(84.0) 4(16.0) 3.4 (1.00-11.76)
Primary to Matric 57(86.4) 9(13.6) 4.1 (1.63-10.51) 5.8 (1.61-21.45)
None 40(76.9) 12(23.1) 2.1(1.00-5.30) 6.3(1.55-25.70)

-Only significantly associated variables are presented in the table, OR 1 is taken as Reference, p<0.05 as significant.

-Adjusted for age, gender, patient status, marital status, and monthly income due to the biological importance of the variables in multivariate analysis.

https://doi.org/10.1371/journal.pone.0236359.t002
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The association of psychosocial factors and SES was analyzed with the site of tumor (buccal
and non-buccal) by univariate and multivariate logistic regression. Table 3-Model 2 presents
the significantly associated variables (p<0.05, OR >1) with the tumor site of OSCC patients.
Males were again 3 times more likely to have tumor of the buccal cavity than females (CI:
1.42-6.25). People with a monthly income of $120-250 showed OR of 3.6 (CI: 1.33-10.18)
whereas, other income categories were not significantly associated with tumor site. People
with primary to matric education had 3.2 times more odds of having buccal tumor (CI: 1.37-
7.59). Amongst the types of chewable substances, only gutka was found to be significantly asso-
ciated with the buccal cavity [OR: 4.140, (CI: 1.81-9.45)]. People of blue-collar occupation
(labor, businessman, and daily wages) had the highest odds of having tumor of buccal site than
others. [OR: 2.586, (CI: 1.33-5.02)]. In multivariate Table 3-Model 2, age, patient status, mari-
tal status, occupation, and education were kept in the adjusted variables and insignificant p-
value for goodness-of-fit validated the model. In multivariate analysis, factors statistically sig-
nificant included being male: (adjusted OR 4.150, CI: 1.57-12.90), monthly income [either
$120-250 (adjusted OR 4.987, CI: 1.68-14.81) or <$120 (adjusted OR 4.434, CI: 1.49-13.16)],
and gutka chewing: (adjusted OR 3.063, CI: 1.27-7.41). Age, patient current condition, occu-
pation status, marital status, smoking, chewing frequency, types of chewing substance (apart
from gutka), and family history of cancer were shown not to be associated with the tumor of
buccal cavity site. Location gave the broad CI with both chewing habits [location Karachi (CI:
2.32-58.8)/Hyderabad (2.54-114.52)] and tumor site [Location Karachi: (adjusted OR 10.223,
CI: 1.65-63.46)], though p-values were significant.

When checked for the association between tumor stage (early stage I/II and late stage III
and IV), SES and psychosocial factors; age, chewing habits, type of chewing substance (areca

Table 3. Model 2, univariate and multivariate regression analysis of SES variables with tumor site as dependent variable in OSCC patients.

Factors Buccal Cavity n (%) Non-Buccal Cavity n (%) OR (95% CI)-univariate Adjusted OR (95% CI) -multivariate
1. Gender

Female 18(48.6) 19(51.4) 1 (Reference)

Male 110(73.8) 39(26.2) 2.9 (1.42-6.25) (1.57-12.90)
2. | Monthly income

> $380 (PKR 60,000) 19(54.3) 16(45.7) 1

$120-250 (PKR 20,000-40,000) | 35(81.4) 8(18.6) 3.6 (1.33-10.18) 4.9 (1.68-14.81)

< $120 (PKR 20,000) 58(69) 26(31) 1.8 (0.84-4.22) 4.4 (1.49-13.16)
3. *Location

Other than Sindh 10(55.6) 8(44.4) 1

Karachi 73(66.4) 37(33.6) 7.2 (1.27-40.68) 10.3 (1.65-63.46)
4. *Education

Graduation & above 24(55.8) 19(44.2) 1

Primary to Matric 53(80.3) 13(19.7) 3.2(1.37-7.59)
5. | *Gutka chewing

No 77(60.6) 50(39.4) 1

Yes 51(86.4) 8(13.6) 4.1 (1.81-9.45) 3.0 (1.27-7.41)
6. Occupation

Unemployed 29(53.7) 25(46.3) 1

Employed 99(75) 33(25) 2.5 (1.33-5.02)

-OR 1 is taken as Reference, variables with p<0.05 were considered significant and are presented in the table.

-*Other categories of location, education and type of chewing product were not significantly associated hence are not presented.

- Patient status, marital status, occupation, and education were kept in the adjusted model due to the biological importance of the variables in multivariate analysis.

https://doi.org/10.1371/journal.pone.0236359.t003
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Table 4. Model 3, univariate and multivariate regression analysis for significant association of tumor stage of OSCC patients with SES.

Factors
1. Age 53.7+14.2
2. Chewing habits
No 14(33.3)
Yes 25(17.4)
3. *Areca nut chewing
No 36(25.4)
Yes 3(6.8)
4. Occupation
Unemployed 16(29.6)
Employed 23(17.4)

Early stage tumor n (%)

Late stage tumor n (%) OR (95% CI)-univariate Adjusted OR (95% CI) -multivariate

45.9+11.1 1.06 (1.02-1.09) 1.04 (1.01-1.08)
28(66.7) 1 (Reference)

119(82.6) 2.3 (1.10-5.16)

106(74.6) 1

41(93.2) 4.6 (1.35-15.91) 5.4 (1.45-20.18)
38(70.4) 1

109(82.6) 2.1(1.13-4.82)

-OR 1 is taken as Reference, variables with p<0.05 were considered significant and are presented in table.

-* Other categories of types of chewing products did not show any significance.

-Multivariate model was adjusted for gender, patient status, marital status, location, education status, and monthly income.

https://doi.org/10.1371/journal.pone.0236359.1004

nut) and occupation were significantly associated with the late stage tumors (Table 4-Model 3)
middle-aged people (45.9 years of age) were likely to have more odds of presenting with late
stage of cancer (CI: 1.02-1.09). People with chewing habits (of any substance) had 2.3 times
more odds of developing late stage cancer (CI: 1.10-5.16), p-0.028]. Among the types of chew-
ing products, only areca nut consumers came out to be 4.6 times more likely to have late stage
cancer (CI: 1.35-15.91). Occupation (employed) showed OR of 2.11 (CI: 1.13-4.82). This
model also provided goodness-of-fit and multivariate analysis was performed for tumor stage
of OSCC patients and the factors statistically significant were age (adjusted OR 1.049, CI:
1.01-1.07), areca nut chewers; (adjusted OR 5.417, CI: 1.45-20.18) and model was adjusted for
gender, patient status, marital status, location, education status, and monthly income.

Discussion

Pakistan particularly Southern Pakistan with its capital Karachi, largest city of Pakistan, and
6™ most populous (over 20million population) in the world has shown a stunning increase in
OSCC over the years that is because of excessive use of different chewing products amongst
various age groups. In this study, age showed significant association with chewing habits that
concurs with some studies published from Pakistan and India, reporting the mean age of the
patients to be between 41-50 years [26-28]. In India, according to the Global Adult Tobacco
Survey (GATS, 2009-2010), one-third of the Indian population >15 years of age use tobacco
in some form [29]. People between 15 and 49 years of age are habitual of using some form of
tobacco and 32.9% and 18.4% of men and women respectively, are smokeless tobacco users
[5]. According to a collaborative study in South and East Asia, chewing was more prevalent
among men (10.7-43.6%) in Taiwan, Mainland China, Nepal, and Sri Lanka whereas, in
women, rates were high in Malaysia and Indonesia (29.5-46.8%) [29]. This partially holds with
this study where the male to female ratio was 5:1 for chewing habits.

Education plays an important role in the overall health of a country in terms of awareness
toward the use of hazardous substances. Considerable regional variation was reported in both
the prevalence and the number of chewing substance users with a higher percentage in LICs
and LMICs. The prevalence of chewing was as high as 22% in Southeast Asia; it was <1% in
the Western Pacific region [30]. In the South-Asian region, OSCC is highly associated with
low socioeconomic status, where people are less aware of the consequences of carcinogenic
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compounds because of less education. The main reason is chewing areca nut related products
particularly in low SES, where it is believed to increase work capacity, alertness, suppress hun-
ger, and are a cheap source of entertainment [31]. According to a recent systematic review,
tobacco use in low income, caste, and socioeconomic status groups was roughly twice that of
high-status groups [16]. Our research coincides with the studies showing that most of the peo-
ple having OSCC belonged to low SES and were habitual of chewing (mostly blue-collar work-
ers, servicemen, farmers or housewives). A somewhat similar study in India found that most
of the OSCC recruited patients were middle-aged, belonged to low SES, and were habitual of
chewing [27]. In a combined study from India and Bangladesh, chewing was associated with
less education and low income [32]. In Bangladesh, over half of the habitual chewers have no
proper education (secondary level education) with more prevalence in rural areas [33, 34].
Studies from Myanmar have shown more than 50% prevalence of chewing and attributed to
poor knowledge and low education [35, 36]. As reviewed by Keith et al., the use of any form of
chewing substances varies regionally (from Asia to Africa) and is mostly associated with low
SES [37]. This applies to our study, where less education was directly proportional to chewing
and implies that gender is an independent factor. However, multiple regression models did
not show any association between sex, marital status, and education with the frequency of
betel quid use [31] which holds for our study.

The OC subsites represent a variety of trends in the onset of cancer, type of cancer, and
association with the consumption of different carcinogenic substances or genetic predisposi-
tions. OSCCs are the aggressive malignant lesions that commonly metastasize to local regional
lymph nodes and adjoining tissues [38]. In our population odds of OSCC in buccal mucosa
cavity were two times higher in the chewers and it was strongly associated with males and low
SES which is supported by different regional studies reporting buccal cavity as the most com-
mon site [27, 39, 40]. As reported by Siddiqi and colleagues, the relative risk to develop mouth
(oral cavity, tongue, and lip) cancers was 3.43 in chewers/SLT users [11]. In western countries,
tongue is the most common site of OSCC because of excessive smoking and drinking alcohol
[41]. One possible reason is the direct contact of the cigarette with tongue during smoking
while rest of the components are inhaled, whereas, the chewing products are kept in the
mouth for a longer period. In the descriptive analysis of this study betel quid usage was highest
followed by gutka, however, in univariate and multivariate analysis gutka users appeared to
have the highest odds of developing buccal mucosa cancer. Rationally, gutka is placed between
the teeth, held against the buccal mucosa for a longer duration, and lightly chewed and sucked
occasionally. Gutka users consume more dry weight of tobacco, areca nut, and slaked lime as
compared to betel quid users and betel leaf also has some anticarcinogenic properties lacking
in gutka [42]. The chemical composition of all these chewing substances is shown to have high
cytotoxic and genotoxic effects in vitro and in vivo [43]. Keeping these substances in the
mouth for a long time causes mechanical friction in buccal mucosa leading to premalignant
lesions or invasive cancer. The frequency of any substance chewed per day did not show any
significant association with the tumor site and majority users took these 1-5 times/day and for
almost 20 years which concurs with another study from Bangladesh [31].

A large proportion of overall OSCC patients are usually not diagnosed until their disease
has reached an advanced stage, ultimately requiring aggressive treatment and relapsing in 50%
cases [44]. In this study tumor stages were grouped into two i.e., Early stage (stage I, IT) and
Late stage (III, IV). Results from this study imply the association of low SES with chewing hab-
its and late stage presentation supported by different studies. Areca nut is the fourth most
common psychoactive substance used in the world [45] and habitual areca nut chewers present
with more aggressive cancer phenotypes, high rates of metastasized cancer, recurrence, and
poor patient survival [46]. Though the association of areca nut chewing with late stage tumor
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remains largely unexplored, this is just an observation with no definite answers. However, it is
speculated that people tend to keep areca nut in the mouth for a longer period simply because
it is hard wood-like stuff which does take a long time to chew, and in contrast to other prod-
ucts, its extract is sucked. As little as microgram quantity of this extract has shown to be
needed for any cytotoxic or genotoxic event resulting in disease progression [45, 47]. Patients
with low SES are not only at higher risk of developing OSCC, but are also to be diagnosed at
late stage [48]. In a recent study from India, 82.15% OSCC cases were significantly presented
in the later stage [49]. A study by Chu et al., in Asian and Pacific Islanders showed that patients
with low SES were most likely to be diagnosed with more advanced disease the first time [50].
In an American study recruiting Afro-Americans stated an association between SES, job status,
and marital status on one side and delayed diagnosis on the other [51]. A multi-ethnic study
including Malays, Indians, and Indigenous people showed the presence of late stage tumors to
be 72.5-78.0%, whereas the Chinese displayed widespread distribution trend of all the stages.
The 68.2% Indian and 70.7% Malay patients presented with T3 and T4 tumors [52]. Another
study from Taiwan showed 49.3% of patients” habit of chewing and 50.3% of chewing/smoking
presented with late stage cancer [53]. In Pakistan, unfortunately, however, most cancer
patients tend to present at late stages for a variety of reasons like poverty, lack of awareness,
inaccessibility to affordable healthcare, fear of social fall out, etc.

Smoking in our study did not show any association with either chewing habits, tumor site
or tumor stage, and only 22% of the patients were habitual smokers. Despite its well know
association with HNSCC, it did not show independent predictive significance as 5 years pre-
dictor of secondary primary tumors of OCSCC [54]. Smoking has been presented to have a
synergistic effect with chewing and alcohol consumption in different studies, but subsites most
commonly affected are oropharynx or larynx than oral cavity [55-58]. Anatomically turbulent
respiratory flow exposes larynx and pharynx more to the cigarette smoke as compared to OC
[57]. Some patients were habitual of using multiple chewing products, having a mixture of sev-
eral ingredients over and above widely variable chewing duration and quantity of every prod-
uct in our cohort, which could have a synergistic effect. Other factors, i.e., family history, type
of cancer in the family, and marital status did not show any significance with the dependent
variables elucidating that chewing habits, tumor site, and tumor stage are less likely to be
affected by any of these variables.

Limitations

This study elaborates on the chewing habits with SES and clinicopathological features of
OSCC in recent times in local context; nonetheless, this study had certain limitations, and first
is the sample size and duration of the study. Confidence interval in the analysis was broad,
implying the associations were not causal rather had confounders, which were though adjusted
in the multivariate analysis. Still, a large sample size would provide more narrow ranges. Stud-
ies have been done to check the dose-dependent effect of chewing and smoking with OSCC
[22], more precise details about pack numbers, chew years, and quit years (if applicable) could
be obtained to strengthen the quantification and dose-dependent effects of these substances.
We did not determine the survival rate after the first diagnosis and studies report that early
stage OSCC has better five-year survival than late stage [59-61].

Conclusion

Areca nut related products have been declared as type I carcinogen by IARC [12] and this
study showed the link between chewing, low SES, and OSCC. Chewing habits are the foremost
cause of a drastic increase in OSCC from this region consequently changing the normal
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mucosa of the oral cavity leading to cancer. This is a comprehensive study conducted on a
number of patients, visiting one of the largest tertiary care Hospitals in Pakistan, minimizing
selection bias. Despite the recent increase in the price of tobacco products, the consumption is
overall increasing even in the low socio-economic group with meager income. This study
could provide an insight into ongoing evidence and the causes of oral cancers, which would
help in taking measures to control this chewing endemic in Pakistan by educating people,
spreading awareness about the hazardous effects and severity of the disease.

Acknowledgments
We acknowledge all the patients who contributed to the study.

Author Contributions

Conceptualization: Namrah Anwar, Shahid Pervez, Tazeen Saeed Ali.

Data curation: Namrah Anwar, Qurratulain Chundriger.

Formal analysis: Namrah Anwar, Qurratulain Chundriger.

Funding acquisition: Namrah Anwar, Shahid Pervez.

Investigation: Namrah Anwar, Qurratulain Chundriger, Sohail Awan, Tazeen Saeed Ali.
Methodology: Namrah Anwar, Tazeen Saeed Ali.

Supervision: Shahid Pervez, Sohail Awan, Tariq Moatter, Tazeen Saeed Ali.

Writing - original draft: Namrah Anwar.

Writing - review & editing: Namrah Anwar, Shahid Pervez, Tariq Moatter, Tazeen Saeed Ali.

References

1. Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortal-
ity worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer. 2015; 136(5):
E359-E86. https://doi.org/10.1002/ijc.29210 PMID: 25220842

2. BrayF, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2018; 68(6):394—424. https://doi.org/10.3322/caac.21492 PMID: 30207593

3. Gupta B, Johnson NW, Kumar N. Global epidemiology of head and neck cancers: a continuing chal-
lenge. Oncology. 2016; 91(1):13-23. https://doi.org/10.1159/000446117 PMID: 27245686

4. Leemans CR, Snijders PJ, Brakenhoff RH. The molecular landscape of head and neck cancer. Nat Rev
Cancer. 2018; 18(5):269-282. https://doi.org/10.1038/nrc.2018.11 PMID: 29497144

5. MummudiN, Agarwal J, Chatterjee S, Mallick |, Ghosh-Laskar S. Oral cavity cancer in the Indian sub-
continent—challenges and opportunities. J Clin Oncol. 2019; 31(8):520-528.

6. HsuW-L, Yu KJ, Chiang C-J, Chen T-C, Wang C-P. Head and neck cancer incidence trends in Taiwan,
1980 ~ 2014. International Journal of Head and Neck Science. 2017; 1(3):180-9.

7. Garcia-Martin JM, Varela-Centelles P, Gonzalez M, Seoane-Romero JM, Seoane J, Garcia-Pola MJ.
Epidemiology of Oral Cancer. Oral Cancer Detection: Springer; 2019. p. 81-93.

8. Kato MG, Day TA. Oral cavity and oropharyngeal cancer: a new staging system for 2017. Otolaryngol-
ogy—Head and Neck Surgery E-Update, Medical University of South Carolina. 2016.

9. Westra WH, Lewis JS. Update from the 4th edition of the World Health Organization classification of
head and neck tumours: oropharynx. Head Neck Pathol. 2017; 11(1):41-7. https://doi.org/10.1007/
$12105-017-0793-2 PMID: 28247229

10. ErnaniV, Saba NF. Oral cavity cancer: risk factors, pathology, and management. Oncology. 2015; 89
(4):187-95. https://doi.org/10.1159/000398801 PMID: 26088938

PLOS ONE | https://doi.org/10.1371/journal.pone.0236359  August 6, 2020 12/15


https://doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
https://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://doi.org/10.1159/000446117
http://www.ncbi.nlm.nih.gov/pubmed/27245686
https://doi.org/10.1038/nrc.2018.11
http://www.ncbi.nlm.nih.gov/pubmed/29497144
https://doi.org/10.1007/s12105-017-0793-2
https://doi.org/10.1007/s12105-017-0793-2
http://www.ncbi.nlm.nih.gov/pubmed/28247229
https://doi.org/10.1159/000398801
http://www.ncbi.nlm.nih.gov/pubmed/26088938
https://doi.org/10.1371/journal.pone.0236359

PLOS ONE

Oral cancer, chewing habits and analysis of clinicopathological features

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Siddiqi K, Shah S, Abbas SM, Vidyasagaran A, Jawad M, Dogar O, et al. Global burden of disease due
to smokeless tobacco consumption in adults: analysis of data from 113 countries. BMC Med. 2015; 13
(1):194.

IARC. IARC monographs on the evaluation of carcinogenic risks to humans: Betel-quid and areca-nut
chewing and some areca-nut-derived Nitrosamines. Lyon: IARC; 2004.

IARC. IARC monographs on the evaluation of carcinogenic risks to humans, volume 89: Smokeless
tobacco and some tobacco-specific N-Nitrosamines. Lyon: IARC; 2007.

Bhisey RA. Chemistry and toxicology of smokeless tobacco. Indian J Cancer. 2012; 49(4):364. https://
doi.org/10.4103/0019-509X.107735 PMID: 23442400

Hwang E, Johnson-Obaseki S, McDonald JT, Connell C, Corsten M. Incidence of head and neck cancer
and socioeconomic status in Canada from 1992 to 2007. Oral Oncol. 2013; 49(11):1072—6. https://doi.
org/10.1016/j.oraloncology.2013.08.002 PMID: 24018186

Allen L, Williams J, Townsend N, Mikkelsen B, Roberts N, Foster C, et al. Socioeconomic status and
non-communicable disease behavioural risk factors in low-income and lower-middle-income countries:
a systematic review. Lancet Glob Health. 2017; 5(3):e277-e89. https://doi.org/10.1016/S2214-109X
(17)30058-X PMID: 28193397

Johnson S, McDonald JT, Corsten M. Oral cancer screening and socioeconomic status. J Otolaryngol
Head Neck Surg. 2012; 41(2).

Alam AY, Igbal A, Mohamud KB, Laporte RE, Ahmed A, Nishtar S. Investigating socio-economic-demo-
graphic determinants of tobacco use in Rawalpindi, Pakistan. BMC Public Health. 2008; 8(1):50.

Khawaja M, Mazahir S, Majeed A, Malik F, Merchant K, Magsood M, et al. Chewing of betel, areca and
tobacco: perceptions and knowledge regarding their role in head and neck cancers in an urban squatter
settlement in Pakistan. Asian Pac J Cancer Prev. 2006; 7(1):95. PMID: 16629524

Fantom N, Serajuddin U. The World Bank’s classification of countries by income: The World Bank;
2016.

Pradhan NA, Ali TS, Hasnani FB, Bhamani SS, Karmaliani R. Measuring socio-economic status of an
urban squatter settlement in Pakistan using WAMI Index. J Pak Med Assoc. 2018; 68:709-14. PMID:
29885167

Madathil SA, Rousseau M-C, Wynant W, Schlecht NF, Netuveli G, Franco EL, et al. Nonlinear associa-
tion between betel quid chewing and oral cancer: Implications for prevention. Oral Oncol. 2016; 60:25—
31. https://doi.org/10.1016/j.oraloncology.2016.06.011 PMID: 27531869

TsaiKY, Su CC, Lin YY, Chung JA, Lian IB. Quantification of betel quid chewing and cigarette smoking
in oral cancer patients. Community Dent Oral Epidemiol. 2009; 37(6):555—61. https://doi.org/10.1111/j.
1600-0528.2009.00504.x PMID: 19845714

Jiang N, Gonzalez M, Ling PM, Glantz SA. Relationship of smokefree laws and alcohol use with light
and intermittent smoking and quit attempts among US adults and alcohol users. PLoS One. 2015; 10
(10): e0137023. https://doi.org/10.1371/journal.pone.0137023 PMID: 26445314

Lydiatt WM, Patel SG, O’Sullivan B, Brandwein MS, Ridge JA, Migliacci JC, et al. Head and neck can-
cers—major changes in the American Joint Committee on cancer eighth edition cancer staging manual.
CA Cancer J Clin. 2017; 67(2):122—37. https://doi.org/10.3322/caac.21389 PMID: 28128848

Akram S, Mirza T, Mirza MA, Qureshi M. Emerging patterns in clinico-pathological spectrum of oral can-
cers. Pak J Med Sci. 2013; 29(3):783. PMID: 24353628

Krishna A, Singh R, Singh S, Verma P, Pal U, Tiwari S. Demographic risk factors, affected anatomical
sites and clinicopathological profile for oral squamous cell carcinoma in a north Indian population. Asian
Pac J Cancer Prev. 2014; 15(16):6755-60. https://doi.org/10.7314/apjcp.2014.15.16.6755 PMID:
25169521

Siddiqui IA, Khan H, Siddiqui R, Hafeez M, Dogar MR, Shahid W, et al. Oral Cancer Frequency at Differ-
ent Sub Sites Presenting At a Tertiary Care Hospital in Karachi Pakistan. Global Journal of Otolaryngol-
ogy. 2017;6(3).

Bhawna G. Burden of smoked and smokeless tobacco consumption in India-results from the global
adult tobacco survey India (GATS-India)-2009-2010. Asian Pac J Cancer Prev. 2013; 14(5):3323-9.
https://doi.org/10.7314/apjcp.2013.14.5.3323 PMID: 23803124

John RM, Yadav A, Sinha DN. Smokeless tobacco taxation: lessons from southeast Asia. Indian J Med
Res. 2018; 148(1):46. https://doi.org/10.4103/ijmr.IJMR_1822_17 PMID: 30264754

Flora MS, Mascie-Taylor C, Rahman M. Betel quid chewing and its risk factors in Bangladeshi adults.
WHO South-East Asia Journal of Public Health. 2012;169.

Mutti S, Reid JL, Gupta PC, Pednekar MS, Dhumal G, Nargis N, et al. Patterns of use and perceptions
of harm of smokeless tobacco in Navi Mumbai, India and Dhaka, Bangladesh. Indian J Community
Med. 2016; 41(4):280. https://doi.org/10.4103/0970-0218.193337 PMID: 27890978

PLOS ONE | https://doi.org/10.1371/journal.pone.0236359  August 6, 2020 13/15


https://doi.org/10.4103/0019-509X.107735
https://doi.org/10.4103/0019-509X.107735
http://www.ncbi.nlm.nih.gov/pubmed/23442400
https://doi.org/10.1016/j.oraloncology.2013.08.002
https://doi.org/10.1016/j.oraloncology.2013.08.002
http://www.ncbi.nlm.nih.gov/pubmed/24018186
https://doi.org/10.1016/S2214-109X%2817%2930058-X
https://doi.org/10.1016/S2214-109X%2817%2930058-X
http://www.ncbi.nlm.nih.gov/pubmed/28193397
http://www.ncbi.nlm.nih.gov/pubmed/16629524
http://www.ncbi.nlm.nih.gov/pubmed/29885167
https://doi.org/10.1016/j.oraloncology.2016.06.011
http://www.ncbi.nlm.nih.gov/pubmed/27531869
https://doi.org/10.1111/j.1600-0528.2009.00504.x
https://doi.org/10.1111/j.1600-0528.2009.00504.x
http://www.ncbi.nlm.nih.gov/pubmed/19845714
https://doi.org/10.1371/journal.pone.0137023
http://www.ncbi.nlm.nih.gov/pubmed/26445314
https://doi.org/10.3322/caac.21389
http://www.ncbi.nlm.nih.gov/pubmed/28128848
http://www.ncbi.nlm.nih.gov/pubmed/24353628
https://doi.org/10.7314/apjcp.2014.15.16.6755
http://www.ncbi.nlm.nih.gov/pubmed/25169521
https://doi.org/10.7314/apjcp.2013.14.5.3323
http://www.ncbi.nlm.nih.gov/pubmed/23803124
https://doi.org/10.4103/ijmr.IJMR%5F1822%5F17
http://www.ncbi.nlm.nih.gov/pubmed/30264754
https://doi.org/10.4103/0970-0218.193337
http://www.ncbi.nlm.nih.gov/pubmed/27890978
https://doi.org/10.1371/journal.pone.0236359

PLOS ONE

Oral cancer, chewing habits and analysis of clinicopathological features

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Huque R, Zaman M, Hug S, Sinha D. Smokeless tobacco and public health in Bangladesh. Indian J
Public Health. 2017; 61(5):18—-24.

Azam MN, Shahjahan M, Yeasmin M, Ahmed NU. Prevalence of smokeless tobacco among low socio-
economic populations: a cross-sectional analysis. PLoS One. 2016; 11(6):e0156887. https://doi.org/10.
1371/journal.pone.0156887 PMID: 27275870

Myint SK, Narksawat K, Sillabutra J. Prevalence and factors influencing betel nut chewing among adults
in west insein township, yangon, myanmar. Southeast Asian J Trop Med Public Health. 2016; 47
(5):1089-97. PMID: 29620822

Zaw KK, Ohnmar M, Hlaing M, Win S, Than Htike M, Aye P, editors. Betel quid chewing in Dagon (East)
Township in 2013. A paper presented at the Myanmar Medical Research Congress; 2014.

Keith H, Kathryn O, Priya K, Rashidah W. Oral and systemic effects of smokeless tobacco from the Afri-
can, Asian, Latin American, european, and middle eastern regions. J Dent Oral Health. 2017; 3(1).

Baig MS, Bhutto RA, Muhammad S, Siddiqui MI. Epidemiology of oral cancer in Southern Punjab, Paki-
stan. Pak J Med Heal Sci. 2015; 9:1269-71.

Khan TZ, Ahmed Z, Junaid T. Prevalence of oral cavity cancer according to anatomical sites in Karachi,
Pakistan. Rawal Medical Journal. 2016; 41(4):450-3.

Siriwardena BSMS, Rasnayaka RMSGK, Masood Y, Masood M, Kumarasiri PVR, Tilakaratne WM.
Predictive model of oral cancer metastasis for different cancer sites and age groups. J Investig Clin
Dent. 2016; 7(2):127-31. https://doi.org/10.1111/jicd. 12145 PMID: 25573428

Tanaka T, Ishigamori R. Understanding carcinogenesis for fighting oral cancer. J Oncol. 2011; https://
doi.org/10.1155/2011/603740 PMID: 21772845

Javed F, Chotai M, Mehmood A, Aimas K. Oral mucosal disorders associated with habitual gutka
usage: a review. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2010; 109(6):857—64. https://doi.
org/10.1016/j.tripleo.2009.12.038 PMID: 20382045

Chen YJ, Chang JTC, Liao CT, Wang HM, Yen TC, Chiu CC, et al. Head and neck cancer in the betel
quid chewing area: recent advances in molecular carcinogenesis. Cancer Sci. 2008; 99(8):1507—14.
https://doi.org/10.1111/j.1349-7006.2008.00863.x PMID: 18754860

Cadoni G, Giraldi L, Petrelli L, Pandolfini M, Giuliani M, Paludetti G, et al. Prognostic factors in head and
neck cancer: a 10-year retrospective analysis in a single-institution in ltaly. Acta Otorhinolaryngol ltal.
2017; 37(6):458. https://doi.org/10.14639/0392-100X-1246 PMID: 28663597

Gupta AK, Tulsyan S, Thakur N, Sharma V, Sinha DN, Mehrotra R. Chemistry, metabolism and phar-
macology of carcinogenic alkaloids present in areca nut and factors affecting their concentration. Regul
Toxicol Pharmacol. 2019, 110:104548. https://doi.org/10.1016/j.yrtph.2019.104548 PMID: 31805361

Li Y-C, Cheng A-J, Lee L-Y, Huang Y-C, Chang JT-C. Multifaceted mechanisms of areca nuts in oral
carcinogenesis: the molecular pathology from precancerous condition to malignant transformation. J
Cancer. 2019; 10(17):4054. https://doi.org/10.7150/jca.29765 PMID: 31417650

Shah G, Chaturvedi P, Vaishampayan S. Arecanut as an emerging etiology of oral cancers in India.
Indian J Med Paediatr Oncol. 2012; 33(2):71. https://doi.org/10.4103/0971-5851.99726 PMID:
22988348

Singer S, Bartels M, Briest S, Einenkel J, Niederwieser D, Papsdorf K, et al. Socio-economic disparities
in long-term cancer survival—10 year follow-up with individual patient data. Support Care Cancer.
2017; 25(5):1391-9. https://doi.org/10.1007/s00520-016-3528-0 PMID: 27942934

Gadbail AR, Chaudhary M, Gawande M, Hande A, Sarode S, Tekade SA, et al. Oral squamous cell car-
cinoma in the background of oral submucous fibrosis is a distinct clinicopathological entity with better
prognosis. J Oral Pathol Med. 2017; 46(6):448-53. https://doi.org/10.1111/jop.12553 PMID: 28129456

Chu KP, Shema S, Wu S, Gomez SL, Chang ET, Le QT. Head and neck cancer-specific survival based
on socioeconomic status in Asians and Pacific Islanders. Cancer. 2011; 117(9):1935-45. https://doi.
org/10.1002/cncr.25723 PMID: 21509771

Naghavi AO, Echevarria MI, Strom TJ, Abuodeh YA, Ahmed KA, Venkat PS, et al. Treatment delays,
race, and outcomes in head and neck cancer. Cancer Epidemiol. 2016; 45:18-25. https://doi.org/10.
1016/j.canep.2016.09.005 PMID: 27664388

Ghani WMN, Ramanathan A, Prime SS, Yang Y-H, Razak IA, Abdul Rahman ZA, et al. Survival of Oral
Cancer Patients in Different Ethnicities. Cancer Invest. 2019; 37(7):275-87. https://doi.org/10.1080/
07357907.2019.1635614 PMID: 31307249

SuWWY, Su CW, Chang DC, Chuang SL, Chen SLS, Hsu CY, et al. Impact of varying anatomic sites
on advanced stage and survival of oral cancer: 9-year prospective cohort of 27 717 cases. Head Neck.
2019; 41(5):1475-883. https://doi.org/10.1002/hed.25579 PMID: 30652378

PLOS ONE | https://doi.org/10.1371/journal.pone.0236359  August 6, 2020 14/15


https://doi.org/10.1371/journal.pone.0156887
https://doi.org/10.1371/journal.pone.0156887
http://www.ncbi.nlm.nih.gov/pubmed/27275870
http://www.ncbi.nlm.nih.gov/pubmed/29620822
https://doi.org/10.1111/jicd.12145
http://www.ncbi.nlm.nih.gov/pubmed/25573428
https://doi.org/10.1155/2011/603740
https://doi.org/10.1155/2011/603740
http://www.ncbi.nlm.nih.gov/pubmed/21772845
https://doi.org/10.1016/j.tripleo.2009.12.038
https://doi.org/10.1016/j.tripleo.2009.12.038
http://www.ncbi.nlm.nih.gov/pubmed/20382045
https://doi.org/10.1111/j.1349-7006.2008.00863.x
http://www.ncbi.nlm.nih.gov/pubmed/18754860
https://doi.org/10.14639/0392-100X-1246
http://www.ncbi.nlm.nih.gov/pubmed/28663597
https://doi.org/10.1016/j.yrtph.2019.104548
http://www.ncbi.nlm.nih.gov/pubmed/31805361
https://doi.org/10.7150/jca.29765
http://www.ncbi.nlm.nih.gov/pubmed/31417650
https://doi.org/10.4103/0971-5851.99726
http://www.ncbi.nlm.nih.gov/pubmed/22988348
https://doi.org/10.1007/s00520-016-3528-0
http://www.ncbi.nlm.nih.gov/pubmed/27942934
https://doi.org/10.1111/jop.12553
http://www.ncbi.nlm.nih.gov/pubmed/28129456
https://doi.org/10.1002/cncr.25723
https://doi.org/10.1002/cncr.25723
http://www.ncbi.nlm.nih.gov/pubmed/21509771
https://doi.org/10.1016/j.canep.2016.09.005
https://doi.org/10.1016/j.canep.2016.09.005
http://www.ncbi.nlm.nih.gov/pubmed/27664388
https://doi.org/10.1080/07357907.2019.1635614
https://doi.org/10.1080/07357907.2019.1635614
http://www.ncbi.nlm.nih.gov/pubmed/31307249
https://doi.org/10.1002/hed.25579
http://www.ncbi.nlm.nih.gov/pubmed/30652378
https://doi.org/10.1371/journal.pone.0236359

PLOS ONE

Oral cancer, chewing habits and analysis of clinicopathological features

54.

55.

56.

57.

58.

59.

60.

61.

Liao C-T, Wallace CG, Lee L-Y, Hsueh C, Lin C-Y, Fan K-H, et al. Clinical evidence of field canceriza-
tion in patients with oral cavity cancer in a betel quid chewing area. Oral Oncol. 2014; 50(8):721-31.
https://doi.org/10.1016/j.oraloncology.2014.04.010 PMID: 24882501

Ghani WMN, Razak IA, Doss JG, Yang YH, Rahman ZAA, Ismail SM, et al. Multi-ethnic variations in the
practice of oral cancer risk habits in a developing country. Oral Dis. 2019; 25(2):447-55. https://doi.org/
10.1111/0di.12995 PMID: 30350902

Lee YCA, Li S, Chen Y, Li Q, Chen CJ, Hsu WL, et al. Tobacco smoking, alcohol drinking, betel quid
chewing, and the risk of head and neck cancer in an East Asian population. Head Neck. 2019; 41
(1):92-102. https://doi.org/10.1002/hed.25383 PMID: 30552826

Maasland DH, van den Brandt PA, Kremer B, Goldbohm RAS, Schouten LJ. Alcohol consumption, ciga-
rette smoking and the risk of subtypes of head-neck cancer: results from the Netherlands Cohort Study.
BMC Cancer. 2014; 14(1):187.

Madani AH, Dikshit M, Bhaduri D. Risk for oral cancer associated to smoking, smokeless and oral dip
products. Indian J Public Health. 2012; 56(1):57. https://doi.org/10.4103/0019-557X.96977 PMID:
22684175

Brandizzi D, Gandolfo M, Velazco ML, Cabrini RL, Lanfranchi HE. Clinical features and evolution of oral
cancer: A study of 274 cases in Buenos Aires, Argentina. Med Oral Patol Oral Cir Bucal. 2008; 40(3):9.
Feller L, Lemmer J. Oral squamous cell carcinoma: epidemiology, clinical presentation and treatment. J
Cancer Ther. 2012; 3(4):263.

Dantas TS, de Barros Silva PGn, Sousa EF, da Cunha MdP, de Aguiar ASW, Costa FWG, et al. Influ-
ence of educational level, stage, and histological type on survival of oral cancer in a Brazilian population:
a retrospective study of 10 years observation. Medicine. 2016; 95(3).

PLOS ONE | https://doi.org/10.1371/journal.pone.0236359  August 6, 2020 15/15


https://doi.org/10.1016/j.oraloncology.2014.04.010
http://www.ncbi.nlm.nih.gov/pubmed/24882501
https://doi.org/10.1111/odi.12995
https://doi.org/10.1111/odi.12995
http://www.ncbi.nlm.nih.gov/pubmed/30350902
https://doi.org/10.1002/hed.25383
http://www.ncbi.nlm.nih.gov/pubmed/30552826
https://doi.org/10.4103/0019-557X.96977
http://www.ncbi.nlm.nih.gov/pubmed/22684175
https://doi.org/10.1371/journal.pone.0236359

	Oral cancer: Clinicopathological features and associated risk factors in a high risk population presenting to a major tertiary care center in Pakistan
	Authors

	Oral cancer: Clinicopathological features and associated risk factors in a high risk population presenting to a major tertiary care center in Pakistan

