@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

ONCOLOGY LETTERS 22: 514, 2021

Nasopharyngeal carcinoma among the Bidayuh of
Sarawak, Malaysia: History and risk factors (Review)

REAGAN ENTIGU LINTON'", MAELINDA DAKER'?*, ALAN SOO-BENG KHOO'?,
DIANA CHUNG YIING CHOO', MIGNON VILJOEN® and PAUL M. NEILSEN'”

'School of Chemical Engineering and Science, Faculty of Engineering, Computing and Science,

Swinburne University of Technology Sarawak Campus, Kuching, Sarawak 93350; Molecular Pathology Unit,

Cancer Research Centre, Institute for Medical Research, National Institutes of Health, Ministry of Health,
Shah Alam, Selangor 40170, Malaysia; 3College of Clinical Sciences, School of Health, Medical and Applied Science,
Central Queensland University, North Rockhampton, Queensland 4702, Australia

Received September 12, 2020; Accepted May 5, 2021

DOI: 10.3892/01.2021.12775

Abstract. Nasopharyngeal carcinoma (NPC) is a cancer of
the epithelial cells lining the nasopharynx. The incidence of
NPC has a distinct geographical distribution, mainly affecting
the Chinese population of Southern China. In Malaysia, this
cancer is exceptionally prevalent among males. There is a
high incidence rate of NPC among the Bidayuh natives in
Sarawak, Malaysia. Other than epidemiology reports, there
has not been an article describing plausible cancer risk factors
contributing to NPC within this native group. Researchers
are still trying to understand the reasons the Bidayuh and
Southern Chinese are highly susceptible to NPC. This article
discusses the risk factors of developing NPC: Epstein-Barr
virus infection, genetic predisposition, diet, environmental
exposure and tobacco smoking. There is a need to improve the
understanding of the role of risk factors to identify new ways
to prevent cancer, especially among high-risk groups.
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1. Introduction

Since 1966, cancer of the nasopharynx has been featured
among the top 5 cancers in Malaysia. Between 1981 and 1982,
cancer of the nasopharynx was the second most common
cancer among males in Sarawak (1). Specifically, from
January 1981 to December 1982, the Land Dayak (the name
then for Bidayuh, a native ethnic group of Sarawak), had a
crude rate of cancer of the nasopharynx of 9.0 per 100,000
population per year, followed by Sarawak Chinese with 5.8
per 100,000 (1).

While Bidayuh was formerly known as Land Dayak, Iban
was once referred to as Sea Dayak (2). With regards to history,
Dayak comprises the inland or interior groups of people in
Borneo (2) and Bidayuh means ‘people of the land’ (3). Today,
Dayak refers to the Iban, Bidayuh and Orang Ulu; Iban forms
the largest indigenous category (4). The Bidayuh community
is categorised into 4 main groups: i) Biatah; ii) Bau-Jagoi;
iii) Bukar-Sadung; and iv) Salako-Rara (5). The estimated
Bidayuh population size in 2020 was 220,000 (6).

The island of Borneo comprises the East Malaysian states of
Sabah and Sarawak, the Malaysian federal territory of Labuan,
the country Brunei and the Indonesian territory known as
Kalimantan. The initial settlement of the Bidayuh in Sarawak,
~1,000 years ago, was Bung Bratak, among others. The ances-
tors of Bung Bratak inhabitants were originally from Gunong
Sunkong, Kalimantan (2). The Bidayuh migrated from the
western part of Borneo island (3) or West Kalimantan, while
the Iban generally migrated from Kalimantan (7).

Between the years 2012-2016, cancer of the nasopharynx
was the fifth most common cancer among Malaysian resi-
dents. Also, cancer of the nasopharynx was the fifth most
common cancer in Malaysian male residents. It was the fourth
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most common cancer in Malaysian Chinese males. Notably,
nasopharynx cancer is the top common cancer among males
in Sarawak (8). The uniqueness of this situation in Sarawak
contrasts with the pattern of cancer incidence in other states
in Malaysia, where colorectal cancer and lung cancer exceed
nasopharyngeal cancer (8). Additionally, in 2007-2011, the
nasopharynx was the most common cancer site among
Sarawak males of Bidayuh or Iban ethnicity (9). Nevertheless,
other ethnic groups of Sarawak, such as Chinese, Malay, and
Melanau were also at increased risk (9). From 2007-2011, the
age-standardised rate (ASR) in Sarawak was 11.6 per 100,000
population and 4.8 per 100,000 in males and females, respec-
tively; with a male to female ASR ratio of 2.4:1 (9). Specifically,
the ASR for Bidayuh males and females, respectively, was 24.6
and 9.3 per 100,000 (9). The Iban people had an ASR of 12.0
per 100,000 for males and 4.7 per 100,000 females (9). Among
the Chinese, the ASR was 11.2 per 100,000 for males and 4.1
per 100,000 for females (9). The ASR for Malay males was
8.1 per 100,000, while for Malay females, the ASR was 4.5
per 100,000 (9). Finally, amongst Melanau, the ASR was 4.7
per 100,000 and 1.9 per 100,000 in males and females, respec-
tively (9). Notwithstanding ethnicity, the incidence ratio was
2-3 folds higher in males compared with females. Worldwide,
between 2008-2012, Zhongshan City, China, had the highest
ASR for males (25 per 100,000) while Zhuhai, China, had
the highest ASR for females (9 per 100,000) (10). The ASR
among Bidayuh people was very similar to the highest ASR
internationally. Meanwhile, GLOBOCAN 2020 estimates the
world ASR at 2.2 per 100,000 for males and 0.8 per 100,000
for females (11). The reasons males are more frequently
affected compared with females may be due to genetic suscep-
tibility affected by the X-chromosome (12), or oestrogen sex
hormone-associated (13), lifestyle, behaviour, environment or
a combination of these factors (14).

Several types of tumours may develop at the naso-
pharynx, the most common being nasopharyngeal carcinoma
(NPC) (15,16). The Fossa of Rosenmiiller is usually the site of
origin (17). NPC has been associated with various risk factors
(Fig. 1) (18,19), suggesting multifactorial causation. The
present review discusses several of these risk factors focusing
on the Malaysian scenario, particularly among the Bidayuh of
Sarawak.

2. Epstein-Barr virus infection

The risk for certain types of cancers increases with persistent
infection of bacteria, parasites, or viruses (20). Among the
cancer-causing viruses are Epstein-Barr Virus (EBV), which
may cause Hodgkin and certain non-Hodgkin lymphomas,
stomach cancer and NPC (20). EBV belongs to the herpes-
virus family, and it is ubiquitous (21). It is present in >90% of
the world's population (21). In places where NPC is endemic,
>95% of cases are associated with EBV (22). EBV infection
in NPC is predominantly latent (23,24). Recently, specific
EBV variants such as non-synonymous EBV variants within
BALF2 (SNP 162476_C and SNP 163364 _T), were suggested
to be associated with NPC (25-29). Inspite of multiple in vitro
and in vivo experiments, studies have demonstrated that
EBYV infection by itself is insufficient for the tumorigenic
transformation of epithelial cells (23,30). The role of EBV in

the pathogenesis of NPC has been investigated widely and
comprehensive reports are available (23,31-37). The present
review will not cover the topic of EBV-encoded latent genes
such as, EBV-encoded small RNAs, EBV nuclear antigen 1,
latent membrane protein 1, latent membrane protein 2 and
Bam HI1 A rightward open reading frame 1 and lytic genes,
such as the immediate early transactivator BZLF1.

3. Genetic predisposition

Inheritance of cancer-predisposing genetic mutations is linked
to certain cancers, including leukaemias and lymphomas,
breast, ovarian, pancreatic, prostate, skin cancer and NPC (20).
A family history of any cancer, especially NPC, contributes
independently or mutually to NPC risk factors (38,39).
Individuals with a first-degree relative with NPC have an
elevated risk of developing NPC (38). In endemic regions,
this familial risk is substantial due to shared genetic suscep-
tibility among relatives or environmental risk factors (38). In
the endemic area of Guangdong, China, the combination of
family history of cancer or history of NPC and consumption
of salt-preserved fish was significantly associated with risk of
NPC; higher than the individual risk of family history alone or
consumption of salt-preserved fish alone (38). A recent report
suggests that familial risk of NPC may be associated with host
response to EBV (40).

A genetic hereditary study of the Chinese popula-
tion of Southern China and the Bidayuh population found
that the Bidayuh genetic material shared similarity with
ancestor lineage that could have originated from South
China or Indochina 10,000-30,000 years ago, preceding the
Austronesian expansion (41). From a linguistic perspective,
the language of the Bidayuh belongs to the Austronesian
family (42). Based on genetic and anthropological epidemi-
ology, cultural and linguistic similarity, it was hypothetically
proposed that a common ancestral origin exists between the
Bidayuh and the Bai-Yue tribe (proto-Austronesian people),
the reference population postulated for NPC origin of
Southern China (43). In addition, it was found that mitochon-
drial DNA (mtDNA) of the Bidayuh was 60% similar to the
Bai-Yue (41,44). As ancestral populations migrated out from
Taiwan, one of the proposed dispersal centres of Austronesian
speakers (45), the inheritance of NPC susceptibility gene(s)
from Austronesian ancestors may explain why the Bidayuh
and Bai-Yue have a genetic predisposition to NPC (16). A
1998-2003 study involving patients with NPC in Guangzhou,
China, detected a novel 4981 bp deletion in mtDNA in 93%
of cases, in contrast to the most abundant 4977 bp common
deletion (CD) (46). The aforementioned report indicated that
CD-mtDNA mutation may be implicated in NPC development
and progression (46). In 1997-1998, a study in patients with
NPC in Guangzhou, China, demonstrated somatic mutations
and polymorphisms in mtDNA, such as A—G substitution at
np15769 and C—T substitution at np15970 (47). Polymorphisms
found included np 292T—C, np16242C—A, npl6038A—G
and np15787T—C (47). Sequence variants in mtDNA had been
reported to be associated with genetic susceptibility to familial
NPC in the Zhejiang area, China (48). A 2001-2004 study of
patients with NPC within the Chaoshan population of China
on mtDNA sequence variation identified variants significantly
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Figure 1. Multiple factors that contribute to the development of NPC include
viral and non-viral hazards. NPC, nasopharyngeal carcinoma.

associated with NPC risk (49). In addition, mtDNA haplogroup
distribution has demonstrated that the haplogroup R9 and
its sub-haplogroup F1 are positively associated with NPC
risk (49). However, the manner in which susceptibility genes
cause NPC remains unknown, and the biological impacts of
mtDNA mutations are still unclear (46,47). In addition, to the
best of our knowledge to date there has been no study on the
mtDNA of the Bidayuh that may contribute to NPC.

Studies of HLA allele frequencies are essential for anthro-
pology and understanding human migration patterns (50).
In 2009, a study encompassing the Bidayuh pinpointed the
frequent detection of alleles A*3401 and B*1521 (51). These
alleles were also common in Australian aborigines, but
rare in most other Southeast Asians (51). Furthermore, the
Bidayuh also have high frequencies of DRB1*1602, similar
to the Papua New Guinea Lowlanders who linguistically also
have Austronesian origins (51). Comparisons of HLA allele
frequencies showing genetic similarities further strengthen
the school of thought that the Bidayuh and ancient Bai-Yue
Chinese tribe share common ancestry of Austronesians but
were geographically separated via migration waves.

HLA alleles are not known oncogenes (52). Hence, HLA
by itself, is not responsible for NPC development (53). Instead,
suppression of immune response presented by HLA alleles may
enable immune evasion of EBV-infected NPC cells (23), hence
permitting NPC cell survival. According to an HLA poly-
morphism study, the genetic distance between Bidayuh and
Iban was relatively short, with a value of 0.00986, explaining
the Iban's genetic predisposition to NPC being similar to the
Bidayuh (50). Studies of the genetic linkage of the Bidayuh
and Iban especially in regard to immune responses warrants
further attention.

4. Diet
Sarawak's people take pride in their ethnic native food, which

has become the state's identity (54). Sarawak's geographical
terrain, particularly during pre-independence and the lifestyle
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then, resulted in the forests becoming the source of traditional
foods (54). Given that the exclusive preparation methods of
ethnic cuisine are passed down from one generation to another,
traditional food is continually consumed (54).

A high salt diet posed an increased risk of developing
various types of cancers, such as gastric cancer (55,56),
whereas salted fish consumption showed a discernible positive
association with NPC (57). Notably, the ethnic group with the
highest incidence rates for both nasopharyngeal carcinoma
and gastric cancers amongst the men in Sarawak was reported
to be the Bidayuh, followed by the Chinese and Ibans (9). The
Bidayuh population consumes preserved pork and fish (58)
that could have increased their risk of developing NPC, a
hypothetical observation given the diet of the Chinese, another
high-risk NPC population, which consists of a high amount
of salted food (59). In accordance, in Guangdong province,
Southern China, a significant relationship exists between
monthly regular salted fish consumption and increased NPC
risk (60), especially during childhood (61). Salted vegetables
and preserved meat are other risk factors for NPC (61). Among
Malaysian Chinese in the state of Selangor, a history of any
kind of salted fish intake in childhood which may continue
into adolescence was a significant risk factor for NPC (62,63).

Salt is used to preserve food, such as raw or cooked meat
and vegetables to inhibit microorganism growth during
extended storage (64). Unless the food undergoes a quality
check to monitor the amount and usage of preservative
compounds, which is possible if produced in factories, there
is no limit set for homemade preserved food (64). Salted fish
contains N-nitrosamines. On top of that, salt used in preserving
food is crude sea salt (62). Unlike pure sodium chloride, sea
salt contains nitrates and nitrites which could produce nitro-
samine, a carcinogenic compound (65) formed from various
stomach reactions between nitrates and nitrites with secondary
amines (62,66). Nitrosamines induce methylation of DNA that
may activate proto-oncogenes, such as ras or myc or inactivate
suppressor genes such as, pS3 or cyclin-dependent kinase
inhibitor 2A (67,68). In addition, N-nitroso compounds and
high salt consumption was found to reactivate EBV from the
latent stage (69,70), which could further increase the risk of
NPC (71).

5. Environmental exposure

Exposure to hazardous environmental pollutants, occupational
agents and inhaled carcinogens could increase an individual's
risk of developing NPC (63,72). This relationship could be
attributed to the nasopharynx's ability to trap dust and smoke
particles from inhaled air, which eventually leads to inflam-
mation (63,72). Given that dust and smoke are of the correct
particulate matter size and weights able to be deposited in the
nasopharynx, inhaled dust and smoke present as reasonable
biological risk factors for NPC (63,72).

In Sarawak, the timber industry is an important economic
industry which contributes to numerous wood-based products
for export (73). Sawmills that process timber for wood planks
use various hazardous chemicals, such as phenol-formalde-
hyde resin and urea (74,75). The usage of phenol-formaldehyde
increases the chance of getting NPC 1.83-fold (76). A study
conducted in the United States found that occupational
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exposure to formaldehyde increases NPC risk (77). The
Guangdong province of Southern China, with high NPC
incidence, is also well-known for wood-based industries (78).
Wood-based productions emit significant amounts of form-
aldehyde and other total volatile organic compounds, such
as terpene (78). Wood dust was associated with a consider-
able risk of developing upper respiratory cancers in a study
conducted in New York, United States (79). In a 1990-1992
study of NPC (all squamous cell carcinoma) among the
Malaysian Chinese of Selangor and Federal Territory of
Kuala Lumpur, wood dust was associated with NPC (72).
The significant association between all kinds of dust and
exposure to wood smoke with NPC was also reported earlier
among the Chinese of Selangor (63). In Nigeria, exposure to
cooking wood fumes was the commonest and a significant
risk factor associated with malignancies in the nasopharynx
among females (80). Some communities in Sarawak still
prefer food cooked using firewood (81). The smoke produced
by burning charcoal contains various hazardous chemicals
that are carcinogenic, such as dimethylbenzathracene and
benzanthracene (82). Incomplete burning of wood fires used
in cooking produces smoke particles that could be deposited
in the nasopharynx (63,72).

Rubber processing factories use chemicals during vulca-
nisation to change raw rubber properties to more durable
products, such as tyres, window seals, tubes and shoe soles
yielding nitrosamines, such as N-nitrosodimethylamine,
N-nitrosodiethylamine, N-nitrosodibutylamine, N-nitrosopipe-
ridine, N-nitrosopyrrolidine and N-nitrosomorpholine (83,84).
Exposure to a high concentration of nitrosamines in German
rubber factory workers increased their risk of developing
respiratory cancers (85). Rubber is a main contributor
from the agricultural sector to Malaysia's economy (86).
Sarawak's administration and farmers favour the rubber
industry compared to rice because of its price and market
demand (87,88). Malaysian rubber tappers are exposed to
formic acid, wood smoke and talc powder while producing
rubber sheets (63). Rubber processing was significantly related
to NPC development in Selangor Chinese (63). Formaldehyde
is another principal chemical used in the production of natural
rubber (78). It is currently speculated that formaldehyde is
a significant risk factor for NPC, especially among rubber
industrial workers exposed to various chemicals without
proper precautions or personal protection equipment (78).
Rubber industrial workers have a higher chance of
developing NPC compared with individuals not exposed to
formaldehyde (78).

As of 2010, almost half of the Bidayuh population are
working in the service sector (6). However, back in 1947,
close to 99% of Bidayuh participated in agriculture (6).
Given the high dependency of Sarawak's people on agricul-
tural produce, open burning is still practised during land
clearing before planting, primarily in rural areas (89,90).
The smoke produced may adversely affect the inhabitants’
health. Burning incense and mosquito coils were also found
to increase the risk of NPC by 5.9-folds in users compared
with non-users (75).

To the best of our knowledge, no studies have been
performed to date associating environmental exposure to
occupational solvents, wood dust, and domestic wood cooking

fires to the high incidences of NPC among the general Sarawak
population and the Bidayuh in particular. Hence, future epide-
miological studies addressing these risk factors within the
Bidayuh of Sarawak need to be conducted.

6. Tobacco smoking

The risk of developing cancer increases with smoking tobacco,
which exposes an individual to toxins that may cause genetic
mutations, such as nicotine and tar (20). Smoking tobacco
causes cancers of the lung, nasal cavity, nasopharynx, oral
cavity, digestive system and urogenital system (20). There
is no level of exposure to tobacco smoke, including expo-
sure to second-hand smoke, which is considered safe (20).
Notwithstanding the specific indigenous category, natives
of Sarawak had a 37.9% prevalence of second-hand smoke
exposure at home (91). In comparison, exposure at work was
25.7% (91). Tobacco smoking is one of the critical risk factors
for NPC, supported by multiple studies, including those
conducted in Malaysia (72) and Thailand (92).

Cigarette smoking is another factor that contributes to
NPC (18). Cigarettes contain compounds that are carcino-
genic for humans, including nitrosamine, polycyclic aromatic
hydrocarbons and free radicals (68,93). Cigarette smoke may
damage DNA in mucosal cells that line the airway (93), which
may initiate cancer formation. A meta-analysis revealed a
modest, but significant association between current cigarette
smokers and NPC vs. those who have never smoked (94).
Smokers, especially among older people (95,96) and early
age of exposure to smoking (94,97), have a higher risk of
developing NPC compared with non-smokers. The risk of
developing NPC increases with the intensity of cigarettes
smoked per day and smoking duration (92,94,98). Among
Sarawak natives, the prevalence of any tobacco product
use was 26.9%; 24.5% for tobacco smoking and 23.2% for
cigarette smoking (91). Irrespective of sex, the prevalence
of current cigarette smokers in Malaysia aged 15-19 years is
11.6% (91). A study conducted in Sarawak showed that the
habit of smoking could start as early as 12 years old, with
~30% prevalence among students (99).

None of the aforementioned studies investigated the
association between tobacco smoking and NPC develop-
ment in the Sarawak population in general or the Bidayuh in
particular. Nevertheless, it is plausible that such prevalence of
smoking may largely contribute to the high risk of developing
NPC, especially when smoking begins at a young age.

7. Other challenges

In 1947, ~99% of the Bidayuh were rural dwellers (6). As of
2010, ~70% of Bidayuh lived in rural areas (6). Patients with
NPC may live in rural areas, where geographical terrain and
accessibility pose a challenge (100). Hospitals may be very far
and there may be no efficient transport facilities other than
logging roads or rivers (100). Such challenges could deter
patients from seeking treatment (100). Hence, NPC may
impact populations with less access to healthcare.

Lack of awareness about NPC among the public was iden-
tified as a challenge for the early detection of NPC (101). A
Malaysian study to determine the proportions of health literacy



levels found that 41.5% of rural respondents had limited health
literacy (91). Meanwhile, between ethnicity, the prevalence
of possessing limited health literacy was 41.9% for natives of
Sarawak (91). Limited health literacy in the Disease Prevention
domain had a 37.6% prevalence among Sarawak respondents
who were natives (91). The Disease Prevention domain refers
to the capability to access, evaluate, interpret and understand
information about risk factors and to make informed decisions
on the basis of this information (91).

Cancer patients tend to seek some form of complemen-
tary and alternative medicine. Complementary medicine
was defined by the National Cancer Institute (NCI) as treat-
ments used together with standard medical treatments (20).
Alternative medicine, on the other hand, refers to treatments
used in place of standard medical treatments (20). However,
a number of these complementary and alternative medicines
have not been well studied and it remains unknown if these
are safe or effective (20). Malaysia is a multicultural and
multifaith society that has practised traditional medicine for
generations (102). Although by 2010, slightly >80% of the
Bidayuh have embraced Christianity, looking back to 1947,
about 91% of the Bidayuh were firm believers of tribal reli-
gion (2,6). Numerous Malaysians believe traditional medicine
is more effective and less detrimental to the quality of life
compared with modern medicine (102-104). Influence may
come from relatives or friends who persuade patients to opt for
alternative medicine, believing that it would affect the quality
of life less negatively and may be more effective compared
with modern medicine (102-104). Patients may resort to alter-
native medicine halfway through modern medicine without
finishing the scheduled prescribed treatment. Incomplete
treatment may contribute to ineffective outcomes (102-104).
Seeking additional or different treatment from traditional
healers may interrupt or delay a patient's scheduled hospital
treatment (102-104). Some patients may blindly trust tradi-
tional healers, who usually attract interest due to their lower
fees compared with doctors (102-104). Regrettably, traditional
healers lack knowledge of cancer and cannot treat patients
with cancer appropriately (105). Consulting traditional healers
has partially contributed to delayed cancer diagnosis and treat-
ment, causing late presentation, advanced stage diagnosis and
higher cancer mortality rates (105). Sometimes patients do not
disclose their use of alternative medicine (106). Non-disclosure
could be due to fear that their scheduled treatment may be
put on hold if discovered by doctors (106). Such a habit may
be dangerous as alternative medicines may counteract with
prescription drugs. Limited health literacy may cause patients
to choose alternative medicine while abandoning modern
medicine (105,107). Lack of awareness about NPC, topography
limitations and usage of different treatments are 3 challenges
conceivably present in the Bidayuh community that may deter
early detection of NPC and the pursuit of practical and modern
treatment.

Limitations of this review are the absence of studies asso-
ciating dietary habits, tobacco smoking and environmental
exposure to NPC development in the Sarawak population in
general or the Bidayuh in particular. Investigations addressing
these risk factors within this population are warranted. The
novelty of this review is that there has not been an article
focusing on the trend and high incidence rate of NPC among
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the Bidayuh of Sarawak, Malaysia. The relevance from an
anthropological perspective was also presented in the present
review, linking the Bidayuh to the Bai-Yue population of
Southern China postulated for NPC origin.

8. Conclusion

The aetiology of NPC is probably multifactorial, with all the
factors acting together (18,19). Studies investigating the cause
of the high incidence of NPC amongst the Bidayuh popula-
tion would be useful to help us understand this cancer. The
possible roles of viral, environmental, dietary factors, host
genetics and immune factors make the study of NPC a unique
opportunity to investigate multifactorial interaction in cancer's
aetiopathogenesis.
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