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Cancer Genetics in the Arab World

Waleed S. Al Amri, PhD1 , Muna Al Jabri, PhD2 , Aisha Al Abri, MS1 ,
and Thomas A. Hughes, PhD3,4

Abstract
Cancer remains a major global health burden, with incidence rates rising globally. The Arab world, which is often regarded as an
underrepresented population in literature, shows distinct patterns in cancer incidences, genetics, and outcomes in comparison
with Western populations. This review aims to highlight key genomic studies conducted in the Arab world. We describe the
epidemiological and genetic landscape of cancer in the Arab populations, focusing on lung, breast, and colorectal cancers, given
their prominence and distinctive patterns in the region. We utilised data from GLOBOCAN 2022 and published genomic studies
to assess subregional incidence trends, identify significant mutations, and explore hereditary and early-onset cancers profiles.
Breast, lung, and colorectal cancers dominate the cancer profile in the region, with disparities in genetic alterations when com-
pared to global trends. Variation in EGFR mutation frequencies in lung cancer across diverse ethnicities in the MENA region is
representative of the extreme heterogeneity in the Arab region. Variations in BRCA1/2 mutation frequency, and unique founder
mutations highlight breast cancer’s particular regional genetic traits. Similarly, colorectal cancer studies show variations in muta-
tional profiles, such as a low incidence of BRAF mutations and distinct epigenetic characteristics that represent region-specific
disease pathways. Early-onset cancers, particularly breast and colorectal cancers, occur at higher rates than in Western popula-
tions and often diverge from the typical germline mutation patterns reported globally. The review emphasises the importance of
conducting localised genetic studies in improving personalised medicine and public health strategies. Despite these efforts, sig-
nificant gaps remain, particularly in understanding early-onset cancers and hereditary cancer genetic disorders, which are over-
represented in the region. Further research on the genetic basis of cancer in Arab populations is essential for advancing
personalised treatment and improving cancer outcomes in these under-researched groups.
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Introduction
Cancer remains a global burden, being the second most com-
mon cause of death worldwide with approximately 10 million
deaths in 2020.1 The aetiology of cancer is complicated, but
our knowledge of the causes of malignancies has advanced sub-
stantially over the past 50 years.2,3 It is now widely accepted
that malignancies result from mutation-driven evolutionary pro-
cesses driving genetic variation and natural selection, which
favour expansion of cells with carcinogenic variants.4 This gen-
etic diversity contributes to the observed heterogeneity in can-
cer incidence and death, both within and between population
subgroups.5,6

Variations in cancer incidence and mortality are well docu-
mented, with studies showing that they are driven by disparities
in age, sex, ethnicity, and geographical location.7,8 For instance,
African Americans have the greatest death rate and the shortest

survival for most cancer types among all racial/ethnic groups in
the United States.9

Recent studies have consistently demonstrated the impact of
racial and ethnic differences on cancer incidence, survival,
medication response, and on basic cancer biology in terms of
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activities of molecular pathways and epigenetics.8 However,
inclusiveness with respect to race/ethnicity has not been a prior-
ity within the literature, and most large-scale studies aimed at
examining the impact of race/ethnicity on cancer incidence
have mostly concentrated on individuals with European
ancestry.10

Among nations that lack of representation of underlying gen-
etic causes of cancer and the genomic changes associated with it
is the Arab population. Cancer in the Arab world has witnessed
the same overall increase in incidence as seen globally, although
it exhibits distinct pattern in cancer types. Long-term projections
show that by 2030 there would be a 1.8-fold increase in cancer
incidence from 2002.11

The genomic diversity of the Arab population is shaped by
historical, geographical, and cultural factors, resulting in dis-
tinct genetic profiles and varying susceptibility to cancers
across the region. This can be illustrated in terms of unique can-
cer incidence between indigenous and admixed populations
within the region.12,13 A study in Qatar assessed genetic suscep-
tibility to common cancers, including breast, prostate, and colo-
rectal cancers, by analysing the DNA of 6142 native Qataris
with different ancestry groups (Arab, Persian, Arabian Peninsula,
Admixture Arab, African, and South Asian). The study found
significant genetic variation in cancer risk, with individuals of
Arabian Peninsula ancestry showing lower susceptibility to colo-
rectal cancer, while those of African ancestry had higher risk
scores for prostate cancer.14 These findings highlight the import-
ance of understanding genetic differences to identify at-risk
groups and develop personalized prevention and treatment
strategies.

There has been an increasing effort to define the tumour gen-
omic profiles for the most prevalent cancers in this region such
as lung, breast, and colorectal cancers. Improved knowledge of
cancer genetics among underrepresented populations will
enhance cancer prevention, diagnosis and treatment. Even
though current data indicates that cancer disparities persist
among race/ethnic groups, Arab population genomic data
should be added to fill this gap.15,16

In this review paper we aim to highlight key genetic research
in cancer in the Arab world. Despite limited studies, the existing
research has made significant impacts. We explore unique
aspects in the region such as the prevalence of Early-Onset
Cancers (EOCs) and hereditary cancers. Genomic studies in
this region and beyond are essential for personalised medicine
progress. Variations between Western and Arab populations’
genomic data, particularly in cancer treatments, emphasize the
need for localised research. These studies are pivotal for shap-
ing prevention strategies, enhancing therapeutic efficacy, and
ensuring the applicability of clinical trial results from Western
populations.

Cancer Epidemiology in Arab World
In Arab populations, cancers incidences and trends exhibit dif-
ferent patterns from global trends, which merit further explor-
ation. The 18 Arab countries in the Middle East and North

Africa (MENA) region can be divided into subregions, includ-
ing the Levant (Jordan, Lebanon, Syria, Palestine), the Gulf
Council Countries (GCC) (Saudi Arabia, UAE, Qatar,
Kuwait, Bahrain, Oman), North Africa (Algeria, Libya,
Tunisia, Morocco, Egypt, Sudan), Iraq, and Yemen17 . These
subregions share similar cultural and environmental factors that
influence cancer trends, but each area can exhibit distinct patterns
in cancer incidence andmortality rates, reflecting both shared and
unique risk factors across the region (Figure 1). We analysed
age-standardized cancer incidence of the Arab countries in the
MENA region and compared it with the world and Europe, using
data obtained from Global Cancer Observatory 2022
(GLOBOCAN 2022: https://gco.iarc.fr/en). The data from
GLOBOCAN include comprehensive global cancer statistics
such as the age-standardized incidence rate (ASIR) and age-
standardized mortality rate (ASMR) for various regions,
including the MENA region. The mortality-to-incidence ratio
(MIR) was calculated based on the extracted data from this
platform and reflects the likelihood of death following a cancer
diagnosis.

Cancer-Specific Subregional Trends in Males
Globally, lung cancer is the most common cancer, followed
by prostate and colorectal cancers. The GCC present a
unique pattern, with colorectal cancer topping the list, sur-
passing prostate and lung cancers (Figure 2). This deviation
may be attributed to changing dietary habits and lifestyle
factors in the region.18–20 North Africa shows lung cancer
dominating, followed by liver and bladder cancers. The
high incidence of liver cancer in this region could be linked
to the prevalence of hepatitis B and C infections.21 Iraq’s
trend is similar to North Africa’s, with lung cancer leading,
but prostate cancer ranks second. The Levant region closely
follows the global trend with lung cancer at the top. Yemen
shows a markedly different pattern, with colorectal cancer
leading, followed by stomach and liver cancers, which
might be related to specific dietary patterns and environmen-
tal exposures.

Notably, bladder cancer ranks consistently highly in North
Africa and Iraq (Figure 2), potentially due to the prevalence
of schistosomiasis in these regions.22 Non-Hodgkin lymphoma
(NHL) and leukaemia appear among the top cancers across
most regions, indicating a consistent burden of haematological
malignancies. This might be due to the high prevalence of infec-
tious agents such as Epstein-Barr Virus (EBV) and Helicobacter
Pylori which have been directly linked to specific NHL sub-
types, including Burkitt lymphoma and mucosa-associated
lymphoid tissue (MALT) lymphoma.23,24 Hepatitis C Virus
(HCV), more prevalent in the region compared to Europe, is
also associated with an increased risk of NHL, particularly dif-
fuse large B-cell lymphoma (DLBCL).25,26 Additionally,
environmental exposures such as pesticide use and occupa-
tional hazards in agricultural communities are significant con-
tributors, uniquely impacting NHL incidence in the Middle
East.27,28
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Cancer-Specific Subregional Trends in
Females
Breast cancer consistently ranks as the most common cancer
among females across all regions (Figure 3). Globally, breast
cancer is followed by lung and colorectal cancers. This pattern
is consistent with epidemiological studies that have identified
various risk factors for breast cancer, including genetic traits,
increased alcohol consumption, physical inactivity, and female
reproductive factors.29–32

The GCC countries show a similar pattern to the global pic-
ture, but with thyroid cancer ranking second (Figure 3). While
studies specifically addressing the reasons behind the thyroid
cancer pattern in the GCC are limited, global studies suggest
that the increasing incidence may be attributed to environmental
exposure to carcinogens, including ionizing radiation and
alterations in dietary iodine intake, combined with improved
detection techniques such as fine needle aspiration Cytology
(FNAC) and advanced imaging.33,34 Notably, breast cancer in
the GCC countries often manifests with distinctive characteris-
tics, including early onset (typically before age 50), advanced

stage at presentation, and more aggressive features such as
HER2 positivity or triple-negative attributes, particularly among
younger patients.35,36

North Africa presents a unique trend with liver cancer fol-
lowing breast cancer (Figure 3). This high incidence of liver
cancer, observed in both men and women, could be associated
with the prevalence of hepatitis C virus (HCV), a recognized
risk factor for hepatocellular carcinoma.37 Iraq’s pattern closely
resembles the global trend, with colorectal cancer ranking
second. The Levant region mirrors the global trend. Yemen pre-
sents a distinct pattern with colorectal and oesophageal cancers
ranking high after breast cancer, which could be associated with
specific dietary habits and environmental factors.38

Genetic Landscape of Cancer in Arab World
The MENA region has a heterogeneous genetic background,
which contributes to differences in cancer risk and treatment
responses. Genetic predispositions in specific groups can result
in different cancer profiles, emphasizing the importance of con-
ducting localised studies to better understand these genetic

Figure 1. Age-Standardized Incidence Rate (ASIR) Across the Middle East and North Africa (MENA) Region by Gender. Darker Shades
Represent Higher ASIR Values.
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differences.14,39 Cancer incidence in the MENA region, like in
other parts of the world, is increasing, which has been attributed

to increased life expectancy and the adoption of Western life-
style practices.40 The MENA region is expected to see the

Figure 2. Cancer-Specific Subregional Trends in Males in World, Europe, and Middle East & North Africa (MENA).
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highest increase in cancer burden globally due to a multitude of
factors, including increases in smoking rate, insufficient phys-
ical activity due to shifting towards white collar jobs, poor diets

in form of fast food and processed meat consumption, infec-
tions from repeated endemics, and increasing environmental
contamination.41 Recently, several governments in the MENA

Figure 3. Cancer-Specific Subregional Trends in Females in World, Europe, and Middle East & North Africa (MENA).
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region have launched projects to better understand the genetic
basis of cancer in local populations, with the goal of identifying
specific cancer mutations that are more common in their local
populations, as well as pathways and biomarkers relevant to
cancer in diverse ethnic groups.42,43

The 1000 Arab genome project in Emirates, the Egyptian
genome project, the Saudi genome project, genome Tunisia
project, the Qatar genome program, and the Oman genome pro-
ject (in preparation stage), are the most well-known genomic
projects in the MENA region which have integrated cancers
as part of their investigations. The findings of these studies so
far highlighted differences in incidence rates and genetic
changes between the MENA area and other countries.44–49

However, more efforts are needed to characterise the genetic
landscape of cancers in MENA region due to its distinctive
populations with a long history that exhibit distinctive genetic
and ethnic variety.50

Lung Cancer in Arab World
Lung cancer is the leading cause of cancer-related death world-
wide and most common cancer among male in many Mddle
Eastern countries.51 Epidermal Growth Factor Receptor (EGFR)
is one of most studied mutated genes in lung cancer, due to its
successful implication in targeted therapies in a form of EGFR
inhibitors such as osimertinib (Tagrisso), and erlotinib
(Tarceva).52 The frequency of EGFR somatic mutation was
assessed in Iraqi patients with non-small cell lung cancer
(NSCLC), which revealed 27.53%, which is a higher than preva-
lence rate in some Arab countries such as Sauid Arabia (15.3%)
and Lebanese population (8.5%) but lower than inWestern coun-
tries such as Italy and Germany (up to 39%).53 By contrast a sys-
tematic review conducted by Benbrahim et al showed that the
EGFR mutation frequency in MENA patients was higher than
that shown in white populations, but still lower than the fre-
quency reported in Asian populations.54 This demonstrates the
variation of prevalence of EGFR mutation in NSCLC across
diverse ethnicities in the MENA region and hence, local studies
are needed to address the EGFR mutations frequency across
MENA subregions. Another systemic review, performed by
Nasser et al, showed that 15.7% of Arab patients with NSCLC
had EGFR mutations and 56% of the mutated patients were
female and 66% of them non-smokers, which broadly agrees
with global data.55 EGFR mutational status has become a key
biomarker for lung cancer management, however there is a
need to explore genetic targets for lung cancer beyond EGFR
in the Arab world, since the majority of patients have cancers
that are not suitable for the EGFRmutation-targeting EGFR inhi-
bitors, and in any event resistance to these EGFR inhibitors is fre-
quently reported.56,57

Breast Cancer in Arab World
Breast cancer (BC) is the most common cancer in women
worldwide, and the Arab world is no exception. It is estimated
around 30 cases averagely are reported per 100 000 women

annually among MENA countries, with incidence has been
increasing consistently with global trend.58 Because of its rela-
tively high frequency, BC is one of the most extensively studied
cancers in range of different Arab countries.

Germline variants in the BRCA1 or BRCA2 genes and their
prevalence in BC are fairly well-studied in Arab populations.
Studies have been performed in a variety of cancer groups
from most of the main Middle Eastern regions (Table 1).
Considerable variation in rates of BRCA1 or BRCA2 mutations
have been found in these studies, ranging from 3.1%-22% in
BRCA1, and 0.4%-19% in BRCA2. A common theme is
the identification of mutations that are potentially unique to
the region, underlining the genetic differences between the
Middle East and the rest of the world.

Also, a study from Libya investigated the characteristics and dis-
tribution of BRCA1 variants in exons 5, 11, and 20 in Libyan fam-
ilies with BC. Out of 18 unrelated families, 10 tested positive for
BRCA1 gene mutations (55.6%). The identified variants included
a frameshift pathogenetic variant, and one other novel variant.65

Similarly, a study conducted in Central Sudan showed a high preva-
lence of germline BRCA1/2mutations. 33 out of 35 BC patients (34
females, 1 male) were found to carry 60 variants (32 in BRCA1, 28
in BRCA2) including 17 (28%) variants classified as novel.66 These
indicates a relatively high prevalence of BRCA gene mutations
among Arabs in the north African populations.

In addition, a review study gathered 14 relevant papers from
Arab nations to thoroughly examine the prevalence of BRCA1/
BRCA2 within Arab populations. They reported that the preva-
lence of BRCA1/2 genes mutations differs in the Arab population
compared to the rest of the world. The prevalence of BRCA1/2
gene mutations in BC patients was much greater in India,
Japan, Hispanics in the USA, and Spain, whereas it was signifi-
cantly lower in Iran, Mexico, Sweden, Germany, Australia, and
Turkey.67 These studies showed different BRCA1/2 genes muta-
tions frequency and founder mutations across the Arab popula-
tions. This extreme variability in BRCA1/2 genes illustrate that
the Arab population possess distinct cancer genetic landscape
which warrant further exploration.

Very few studies have examined the population-level genetic
profile of the Arab groups, as opposed to testing only cancer
cases, therefore little is known about cancer risk. One pioneering
study from the region was reported by the Qatar genome program
investigating genetic risk of cancer across 6 different ancestry
group within the Qatari population namely: Admixture Arab,
African, South Asian, Arabian Peninsula, Persian, and Arab.
The study was conducted on 6142 samples to examine the gen-
etic diversity of cancer-susceptibility genes including BC genes.
The study showed that pathogenic variants in BRCA1/2 genes
were significantly overrepresented in Qataris of Persian, while
they were completely absent in the people of Arab Peninsula des-
cent. This reflects extreme variability in cancer predisposition
risk within a certain population in the Arab world and hence it
was suggested a cancer-risk stratification system should be
implemented within Arab populations.14

Beyond the BRCA1/2 genes in Arab populations. A study from
Saudi Arabia investigated variants in the Ataxia-telangiectasia
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mutated gene (ATM), which has previously been identified as a
moderate susceptibility factor for BC. They screened 715 BC
patients who did not have BRCA1/2 variants, revealing approxi-
mately a 0.8% prevalence of ATM germline pathogenic or likely
pathogenic mutations. The findings appear to be in alignment
with reported frequency of mutated ATM in other populations
(range: 0.5%-4%), which affirms ATM gene as a moderate-risk
BC gene globally.68 In an effort to explore the prevalence of other
BC genes in the Arab population, a study conducted in Jordanian
population revealed 3 Single Nucleotide Polymorphisms (SNPs)
inMMP9, TOX3, and DAPK1 genes were significantly associated
with an increased risk of breast cancer.69

Also, another study found a SNP in the tumour suppressor
TP53 and its negative regulator MDM2 increased the risk of BC
in the Saudi population.70 In addition. Karakas et al found SNP
mutations in PIK3CA to be prevalent among Arab BC population
(SNP, rs17849079) compared with disease-free individuals.71

The relationship between some SNPs and BC risk has also
been studied in the Arab populations, although study sizes are
relatively small on a global scale. In one example, 4 of the
most common TP53 gene polymorphisms (Pro47Ser,
Arg72Pro, intron 3 Ins16 bp and intron 6 [G>C]) were evalu-
ated in 288 women with BC and in 188 controls. The study pro-
vided valuable insights about associated risks of these
polymorphisms and suggested that proline homozygosity at
p53 codon 72 is associated with decreased BC risk in Arab

women72 . Also, a small-scale study (26 patients) which
aimed to investigate SNPs for their possible association
with BC patients among Arab Ancestries, revealed a highly
significant 4 associated SNPs [SNRK and SNRK-AS1-
rs202018563G; BRCA2-rs2227943C; ZNF484-rs199826847C;
and DCPS-rs1695739G] among women with BC versus the
healthy controls even after Bonferroni corrections (P value
<2:05× 10−07). The study underscores the importance of specific
ethnicity genetic studies to explore candidate biomarkers and
possible targets of BC among Arab ancestries.73

Preliminary studies have also been made into the role of
somatic mutations in BC genes. Shamsi et al investigated som-
atic mutation frequencies in TP53, ATM, IDH1, IDH2, PTEN,
PIK3Ca, APC, NPM1, MPL, JAK2, KIT, KRAS, and NRAS
among of 78 Arab women with BC. The cohort comprised a
majority of patients with estrogen receptor positive disease
(54 patients; 69.2%), while 15 (19.2%) were HER2-neu posi-
tive, and 21 (26.9%) had the triple-negative subtype. They
revealed variation in their occurrences compared with an
American population, asserting unique genetic characteristics
in Arab women BC patients.74

Colorectal Cancer in Arab World
Colorectal cancer (CRC) is the third most common cancer and
is the second leading cause of cancer death globally.75 CRC is

Table 1. Summary of BRCA1/2 Genes Studies Conducted in Middle Eastern Cancer Populations. BC: Breast Cancer, OC: Ovarian Cancer, FH:
Family History.

Ethnic group Cohort type Cohort size
%BRCA1
%BRCA2 Identified founder/Unique mutations Ref.

Saudi Arabian BC with FH 310 11% in
BRCA1
2% in
BRCA2

c.4136_4137delCT, c.5530delC and
c.4524G>A in BRCA1

59

Arab descent mainly from
Saudi Arabia

BC and OC 108 BC
65 OC

8.3% in
BRCA1
0.9% in
BRCA2

c.1140dupG, c.4136_4137delCT,
c.5095C>T, and c.5530delC in
BRCA1

60

Lebanese Individuals with BC or OC or
family members known to
carry mutation

281 6% in
BRCA1
1.4% in
BRCA2

c.131G>T in BRCA1 61

Mixed ethnicity with
dominant Arabs from
United Arab Emirates

BC 309 17% in
BRCA1
19% in
BRCA2

Not identified 62

Arabs decent from Oman BC 262 4.6% in
BRCA1
11.6% in
BRCA2

Whole exon 3 deletion, C.9382C>T,
C.9018C>A, C.2588dupA in
BRCA2

36

North African BC 388 familial and
159 young
sporadic cases

22% in
BRCA1

C.798_799delTT in BRCA1 63

Middle Eastern mainly from
Saudi Arabia

BC 818 3.1% in
BRCA1
0.4% in
BRCA2

c.1140 dupG and c.4136_4137delCT
in BRCA1

64
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ranked as the most common cancer in men in many Middle
Eastern countries, and the incidence has been increasing espe-
cially among younger people.76,77

Somatic mutations in KRAS, BRAF, PIK3CA and EGFR are
considered as biological markers for personalised medicine and
prognosis prediction in CRC. According to reports, the preva-
lence of KRAS mutations in CRC patients in the Arab popula-
tion is between 30% and 50%, which is comparable to data
from seven European countries.78–80 Also, KRAS mutant
tumours are linked to more advanced stages of CRC in
Western population, however, such a relationship was not
found in the Arab studies involving individuals at various
stages of CRC.81 In a study conducted to assess KRAS muta-
tions in 100 Jordanian CRC patients who developed metastatic
disease, it was found that 44% had mutated KRAS, with
pGly12Asp being the most detected mutation (54.5%). The
findings are similar to the European countries and the United
States.82 Also, another study to assess the prevalence of
KRAS mutations among Saudi Arabian CRC patients found
these in 56% of tested patients.83

The frequency of BRAF somatic mutations has also been
assessed in 779 Middle Eastern CRC patients utilising DNA
sequencing. The incidence was found to be very low, at
2.5%, which were overwhelmingly BRAFV600E mutations
(90%); this contrasts with the global frequency of BRAF muta-
tion in CRC, which is usually reported within the range of
5%-20%. Also, the study showed a significant association
between BRAF mutation and MSI-H status and CpG island
methylator phenotype (CIMP). The authors suggested the low
incidence of BRAF mutations and CIMP in CRC from Saudi
Arabia could be attributed to ethnic differences and hence fur-
ther investigations are needed to unravel the epidemiological
and genetic factors contribute to this variation among Middle
Eastern CRC patients.84 PIK3CA somatic mutations were iden-
tified in 12.2% of 410 Middle Eastern CRC cases along with 13
colon cell lines, and these were especially prevalent in the MSI
CRC cases; this frequency is somewhat similar to the reported
frequency in Caucasian European populations.85

Al-Shamsi et al carried out a direct comparison of the preva-
lence of hotspot mutations in CRC genes between an Arab
population from the Gulf region (99 cases) and matched
Western patients who were treated in the United States at the
MD Anderson Cancer Centre (99 cases), utilising high-depth
sequencing. While the frequency of KRAS, NRAS, BRAF,
TP53, APC, and PIK3CA mutations were similar between
Arab and Western populations, interestingly, SMAD4 and
FBXW7 showed respectively lower and higher mutation fre-
quencies compared with the Western population.86 Similarly,
in a Saudi Arabian population, the somatic mutation frequency
of most common CRC druggable genes were observed in
BRCA2 (79%), CHEK1 (78%), ATM (76%), PMS2 (76%),
ATR (74%), and MYCL (73%), based on 107 CRC patients
without family history of the disease. The results showed that
98% of cancers had molecular targetable gene alteration, which
provided valuable insights about genomic landscape and poten-
tially enabled personalised medicine implementation of CRC

patients in Saudi Arabia.46 In addition, a review study, the
authors suggested genetic variants in ABCB1, ADIPOQ,
CTNNB1, SFRP3, LRP6, CYP19A1, PARP-1, TDG genes
exhibited significant protection against CRC development in
Saudi population. Whereas, other gene mutations in ABCB1,
ABCC1, CASR, IL-17F, NOTCH1, NOTCH4, PRNCR1, TDG,
TLR2, TLR4, TLR-9, TSLP, TSLPR and TNF-α showed no cor-
relation with CRC risk in Saudi Arabia population.87 This
shows that Saudi CRC patients may possess different genetic
landscape from global CRC patients, which emphasizes the
importance of conducting localised genomic studies.

In a biomarkers discovery study, Almuzzaini et al performed
AmpliSeq comprehensive cancer panel sequencing to identify
novel somatic variants in 99 archived CRC samples from
Saudi Arabia. In addition to 466 novel variants identified, the
analyses established the APC, RET, and EGFR genes to be
the most frequently mutated. Also, occurrence of variants in
ERBB2 was significantly correlated with those of EGFR and
ATR genes. The study identified driver gene mutations for local
population of Saudi Arabia.88

Epigenetic changes frequently occur in CRC in forms of
changes in DNA methylation status and histone modifica-
tion.89,90 Two attempts have been made to characterise CRC
in Middle Eastern patients including epigenetic features.
Firstly, a cohort of 770 CRC from Middle Eastern patients
was thoroughly classified based on their genetic and epigenetic
factors using PCR for MSI, BRAF and KRASmutational assess-
ment, and MethyLight technology for CpG island methylator
phenotype (CIMP). The pathways analyses included traditional,
alternate, and serrated pathways and were hypothesised to strat-
ify CRC based on prognosis. The following criteria were used
to define these pathways: the traditional pathway, characterised
by early adenomatous polyposis coli (APC) mutation and
chromosomal instability, resulting in low or stable MSI
(MSS), and CIMP-negative, BRAF mutation-negative, and
KRAS mutation-negative tumours; the alternate pathway, in
which either KRAS or APC mutation precedes the development
of MSI-low or MSS and CIMP-low tumours; and the serrated
pathway, in which BRAF mutation can lead to CRCs with
CIMP-high, MSI-low, or MSS phenotype.91,92 While, cases
that did not conform to either of the pathways were assigned
to a non-specific group.91,93 The authors believed these path-
ways had not previously been assessed in an Arab population.
The study showed that the majority of CRC cases (54.2%)
were unassigned group, while a subset of CRC cases were dis-
tributed as 33.4%, 11.6%, and 0.8% assigned as traditional
pathway, alternate pathway, and serrated molecular pathway,
respectively. This indicates the pathways analysis implemented
in global populations is not necessarily applicable for the
Middle Eastern CRC patients, and hence there is a need for fur-
ther discovery of the molecular genetic basis in the Arab CRC
patients to sub-categorise them.91 Similarly, a separate study
reported DNA methylation status and gene mutation frequen-
cies of CRC carcinomas across 3 Middle Eastern countries;
Egypt, Jordan, & Turkey; it was found that Turkish colorectal
carcinoma was most similar to those reported for Western cases,
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while variable gene methylation patterns and mutation frequen-
cies across Middle Eastern countries. For example; methylation
involving the p16 tumour suppressor and MINT31 locus was
more frequently noted in Jordanian colorectal carcinomas,
while KRAS oncogene was more frequently mutated in colo-
rectal carcinoma from Turkey. Egyptian carcinomas had the
least frequency of methylation in comparison with Jordanian
and Turkish colorectal carcinomas. The authors concluded
that more inclusivity of population from the Arab world is
required in the oncology research particularly in CRC, since
this has implications on prevention strategies, therapeutic effi-
cacy, and transferability of clinical trial results from Western
populations.94

There has been an increase popularity of Microsatellite
instability (MSI) testing in CRC due to its significant prognostic
and therapeutic implications. While, the presence of MSI predicts
a good outcome in CRC, according to National Comprehensive
Cancer Network (NCCN) guideline, chemotherapy is not recom-
mended for patients with MSI high, because of their good prog-
nosis.95 It is estimated that 15%-20% test positive for MSI.96 A
study conducted in Egyptian CRC patients showed unique find-
ings that are different from Western patients from America,
Canada, and New Zealand. A relatively high frequencies of
MSI (36%) and over-expression of p53 gene products (50%)
were found in Egyptian CRC patients. Also, they reported schis-
tosomiasis contributed to the molecular pathogenesis of some
colorectal tumours.97 Such findings warrant for further assess-
ment of MSI across populations in the Arab world.

Early-onset Cancers in Arab World
Over the past years, there has been an increase in incidence of
early-onset cancers (EOCs) globally and particularly in the
developing countries. Data from all population-based cancer
registries worldwide indicate a higher frequency of EOCs has
been observed in low/middle income countries, such as Arab
or Asian countries, than in high income countries. For example,
in breast cancer (BC) the observed median age for diagnoses in
high income countries is about a decade higher than in low/mid-
dle income countries.98 The cut off age to define an EOC can be
confused in the wider literature by using of different cut off ages
(40, 45 or 50 are all used), although the US Centre for Disease
Control and Prevention has suggested a standardized definition
of younger than 45; we have followed this definition unless we
state otherwise.

Various factors may play roles in defining the high rates of
EOCs in Arab countries. Younger people can make up a rela-
tively high proportion of the overall population, as compared
to many Western countries, and this can lead to raising rates
of EOCs incidence.58

Also, psychosocial and cultural factors may also contribute
to under-reporting of the incidences99 particularly in older
patient groups,,100,101 thereby potentially rising the reported
EOCs proportion. In addition, the rapid development in the
Arab world and dramatic change in the lifestyle and adapted
more Western culture such as diet in forms of fast processed

food, physical inactivity, obesity, and environmental pollution
exposure at early age have contributed this phenomenon.
Despite of all these aetiological factors, genuine increases in
EOCs incidence are observed and the differential role of genetic
factors in the Middle East merit further investigations.

Some genetic risk factors are known to increase lifetime risk
of developing EOCs. For example, in BC BRCA1/2 genes with
pathogenic mutations are the most common, representing more
than 50% of the genetic risk of early-onset BC.96,102 In our
recent published study, we excluded BRCA1 and BRCA2 genes
mutations as causative genetic factors for early-onset BC in one
of the largest Middle Eastern patients’ cohorts conducted in
Oman.36 We showed germline BRCA1/2 mutations were not
over-represented in early-onset BC cases, which contradicts
global data for BRCA1 or BRCA2 genes mutations being most
commonly associated with under ≤40 years of age, representing
12% of such cases.103 Thus, further data are needed on the role
of other autosomal dominant BC genes, including ATM,
CHEK2, and TP53, in young BC patients in the region.36 The
only other similar study available reported that mutated ATM
was not significantly associated with age of onset in BC in a
Saudi Arabian population.68

Despite colorectal cancer (CRC) being the most common
cancer in males in many Arab countries, and increasing inci-
dence of the cancer particularly at early-age, there are few stud-
ies that have attempted to examine potential genetic causes. In a
study by Al Zaabi et al, 253 CRC Arab patients in Oman were
investigated and MSH6 loss of function variants were found to
be significantly over-represented among early-onset CRC
patients in comparison with later-onset CRC.104 In addition,
the study showed comparable findings in term of clinical,
pathological, and survival outcomes among early- versus later-
onset CRC patients, which differs from most of global data.105–
107 Similarly, mutational analysis of MLH1, MSH2, and MSH6
in Algerian families with suspected Lynch syndrome, revealed
that MSH6 alterations were associated with CRC onset at
younger than 30 years of age.108 In addition, Egyptian CRC
patients under the age of 40 showed significantly fewer KRAS
mutations and MSI-H was under-represented in comparison
with older patients, further highlighting the differences in
EOCs.97

However, large-scale cancer studies in Arab population stud-
ies revealed no correlations of age of cancer onset and family his-
tory of cancers, which suggests that inherited germline mutations
are not always necessarily a leading cause of EOCs and consid-
eration should be given to sequencing tumour cells for somatic
mutations in these genes that are associated EOCs.103,109 Since
EOCs are common in the Arab populations, specific genetic var-
iations whether in forms of germline or somatic mutations are
predicted to be involved. Hence, further studies are needed to
reveal the underlining genetic cause for EOCs in Arab world.
This should enable to inform polices and strategies for early
detection of cancer among young population using genetic test-
ing alongside the standard screening methods such as a mammo-
graph in case of BC. Also, this enable recommendations to be put
forward for detection EOCs with particular genetic mutations
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similarly with Ashkenazi Jews populations screening of BRCA1/
2 genes mutations.110

Hereditary Cancers in Arab World
Hereditary cancer syndrome can be defined as an increased risk
of cancer which can be passed to offspring. Hereditary cancer
makes around 10% of new cancer diagnoses due to inherited
germline mutations.111,112 In the Arab world, a region well-
known for its high consanguineous rates, it is reported to be
among nations with high rate of hereditary cancers, for
example; 40% of children with cancers are related to hereditary
causes in Saudi Arabia.113

Ovarian cancer (OC) is well known to be associated with
germline mutations in the BRCA1/2 genes, which were already
discussed in the context of BC. According to a review study
which investigated 802 OC patients across 22 Arab countries,
53 patients and 5 families harbored 22 mutations in BRCA1/2
genes, indicating the correlation between BRCA1/2 genes muta-
tions and the high prevalence of OC observed across the Arab
world.114 In another study, the prevalence and effect of
BRCA1/2 mutations in Middle Eastern OC patients showed
50 out of 407 (12.3%) unselected OC patients had a pathogenic
variant representing a high prevalence of BRAC1/2 genes muta-
tions across Middle Eastern population. Also, the haplotype
analysis of these variants enabled identification of founder
mutations that are unique to the Middle Eastern populations
and potentially can be utilised for a development of a rapid
and cost-effective screening program for Arab population.115

Hereditary non-polyposis colorectal cancer (HNPCC), also
known Lynch syndrome is a well-established form of hereditary
CRC and is responsible for 1% to 3% of all CRC cases.116 In the
Arab world, a study showed the prevalence of Lynch syndrome
is around 1% of all CRC of Middle Eastern cases and demon-
strated the efficacy of screening for the syndrome among
CRC patients with high microsatellite instability (MSI) in cases
that lack BRAF mutations.117 Also, a study investigated muta-
tional landscape of Mismatch Repair (MMR) genes, MLH1,
MSH2, and MSH6 which are associated with Lynch syndrome
in 21 unrelated Algerian families using whole exome sequen-
cing and multiplex ligand-dependent probe amplification
(MLPA) methods. The study revealed 2 novel variants in
MLH1, c.881_884delTCAGinsCATTCCT and a large deletion
inMSH6 which are described for the first time in Algerian fam-
ilies. Also, the study confirmed the contribution of MSH2,
MLH1, and MSH6 to CRC susceptibility consistently with glo-
bal population which also represents the implementation of a
diagnostic algorithm for the identification of Lynch syndrome
patients in Algerian families.108

Two prominent studies both conducted in Saudi Arabia have
revealed important findings relating to cancer susceptibility
genes; Alharbi et al used a 30-gene targeted NGS panel to
investigate a cohort of 310 participants composed of 57 non-
cancer patients, 110 cancer patients, and 143 of cancer patients’
family members. The findings showed 119/310 (38.4%) carried
pathogenetic or likely pathogenic variants affecting 18 most

commonly genes associated with inherited cancer namely;
TP53, ATM, CHEK2, CDH1, CDKN2A, BRCA1, BRCA2,
PALB2, BRIP1, RAD51D, APC, MLH1, MSH2, MSH6,
PMS2, PTEN, NBN/NBS1 and MUTYH. This representing rela-
tively higher prevalence of genetic variants linked to familial
cancers compared with other populations. Also, the study
revealed specific variants in Saudi Arabian populations that
are significantly associated with occurrence of CRC/Lynch syn-
drome and multiple colon polyposis.118 Similarly, Siraj et al
designed a panel of most known genes to be associated with
cancers and tested it on a large cohort (1300 samples) mainly
taken from patients with breast, ovarian, colorectal, and thyroid
cancers. The designed panel [hereditary oncogenesis predispos-
ition evaluation (HOPE)] enabled the authors to identify patho-
genic or likely pathogenic variants in high and intermediate risk
genes with variable levels. Remarkably, pathogenic or likely
pathogenic alleles in DNA repair/genomic instability genes
(other than BRCA2, ATM and PALB2) accounted for at least
16.8, 11.1, 50 and 45.5% of mutation-positive breast, ovarian,
thyroid and colorectal cancer patients, respectively. The authors
concluded that inherited mutations in form of germline muta-
tions are widely distributed among Middle Eastern cancer
patients and beyond commonly known designed hereditary can-
cer genes panels.109

Conclusion
Despite considerable advances in cancer genomics studies in
the Arab world, there is a need to investigate the genetic land-
scape of cancers in Arab populations at a wider scale using
sequencing technology such as whole genome or exome
sequencing. Also, the scope of investigations should expand
into transcriptomic, epigenomic, proteomic and metabolomic
since current studies suggest cancer is a multifactorial disease.
This would enable to discover new genetic targets, beyond clas-
sical molecular targets, and potentially discover new biomar-
kers for unique populations of Arab world. Prior to
incorporating these studies, the Arab world should address a
number of social, legal and ethical issues such as regional col-
laborations, institutional data access, infrastructure, and the
integration of genomic results into clinical practice. Initiating
cancer projects in partnership with other nations that already
have well-established cancer registries may aid in the molecular
characterization of a wide range of human cancers across all
populations. This will subsequently improve our understanding
of genetic variation across all human groups, resulting in more
opportunities for discovery and improvement in precision medi-
cine across diverse populations.

This narrative review carries some limitations; we were not
able to include all the studies from all the Arab countries in the
MENA region, but we included the most relevant to the topic.
Since narrative reviews induce selections bias of studies, we
aimed to overcome this by selecting a variety of studies con-
ducted in different Arab countries. We aimed to provide an
overview of current state of cancer genetic research in the
Arab world and highlight the gaps in this area, hence this review
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does not inform practice or policy, nor endorse guidelines.
Therefore, we recommend a comprehensive systematic review
for suitable evidence-based decision-making as more studies
in cancer genetics are being emerged in the MENA region.
There are many challenges associated with comparing cancer
genetic studies across different populations; for example, avail-
ability of studies, lack of consistency of study designs, quality,
and cohorts’ types and sizes. These challenges are being
addressed through international organisations such as Global
Alliance for Genomics & Health (GA4GH) by setting standards
and framing policies for international community searching on
genomic and other related health data.
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