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Expert Consensus
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Background: The prevalence of lung cancer in the Middle East and Africa (MEA) region has steadily 
increased in recent years and is generally associated with a poor prognosis due to the late detection of most 
of the cases. We explored the factors leading to delayed diagnoses, as well as the challenges and gaps in the 
early screening, detection, and referral framework for lung cancer in the MEA.
Methods: A steering committee meeting was convened in October 2022, attended by a panel of ten key 
external experts in the field of oncology from the Kingdom of Saudi Arabia, United Arab Emirates, South 
Africa, Egypt, Lebanon, Jordan, and Turkey, who critically and extensively analyzed the current unmet needs 
and challenges in the screening and early diagnosis of lung cancer in the region. 
Results: As per the experts’ opinion, lack of awareness about disease symptoms, misdiagnosis, limited 
screening initiatives, and late referral to specialists were the primary reasons for delayed diagnoses 
emphasizing the need for national-level lung cancer screening programs in the MEA region. Screening 
guidelines recommend low-dose computerized tomography (LDCT) for lung cancer screening in patients 
with a high risk of malignancy. However, high cost and lack of awareness among the public as well as 
healthcare providers prevented the judicious use of LDCT in the MEA region. Well-established screening 
and referral guidelines were available in only a few of the MEA countries and needed to be implemented in 
others to identify suspected cases early and provide timely intervention thus improving patient outcomes. 
Conclusions: There is a great need for large-scale screening programs, preferably integrated with tobacco-
control programs and awareness programs for physicians and patients, which may facilitate higher adherence 
to lung cancer screening and improve survival outcomes.
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Introduction 

Lung cancer is the second most commonly diagnosed cancer 
and the leading cause of cancer-related deaths globally, 
accounting for the greatest economic and public health 
burden of all cancers (1-3). In 2020, lung cancer accounted 
for approximately 2.2 million cases and nearly 1.8 million  
deaths worldwide (2,4). Although lung cancer has a 
multifactorial etiology with smoking being the major risk 
factor, it is not just a “smoker’s disease”. While individuals 
with a smoking history remain at high-risk even years after 
quitting smoking, lung cancer prevalence in individuals with 
no smoking history is gradually rising (5). While still the 
leading cause of morbidity and mortality among men, the 
incidence and mortality due to lung cancer is rising among 

women (2,6-9). 
The prevalence of lung cancer in the Middle East and 

Africa (MEA) region has steadily increased in recent years, 
with non-small cell lung cancer (NSCLC) constituting 
approximately 85% of all detected cases; adenocarcinoma 
is the commonly diagnosed subtype (10-15). A high 
proportion of lung cancer cases are detected at an advanced 
stage in the MEA region resulting in poor prognosis with a 
5-year survival rate of <10% and limited treatment options 
(3,10,13). Early detection through screening may affect 
patient outcomes with a considerable impact on quality of 
life and the economic toll (3,16,17). Some large-scale clinical 
trials have shown that targeted low-dose computerized 
tomography (LDCT) screening can significantly reduce 
lung cancer mortality in high-risk individuals by nearly a 
quarter (18,19). Expert opinion suggests screening for lung 
cancer compares favorably with other cancer screening 
programs in terms of cost-effectiveness and potential 
benefits (3). Here we explore the factors leading to delayed 
diagnoses as well as the challenges and gaps in the early 
screening, detection, and referral framework of lung cancer 
in the MEA region and the possible role that may be played 
by artificial intelligence (AI) based screening techniques.

Methods

A steering committee meeting was convened in October 
2022 to analyze the current unmet needs and challenges 
in the screening and early diagnosis of lung cancer in the 
MEA region. A panel comprising ten key external experts 
in the field of oncology from the Kingdom of Saudi Arabia 
(KSA), United Arab Emirates (UAE), South Africa, Egypt, 
Lebanon, Jordan, and Turkey congregated to discuss 
the disease burden, risk factors, and challenges in early 
screening, diagnosis, and management of lung cancer 
in the MEA region (Table S1). The panel reviewed the 
current guidelines for the screening of lung cancer, their 
implementation, and effectiveness in identifying early lung 
cancer cases. The panel also discussed the potential impact 
of using AI in lung cancer screening and early detection. 
The opinions and suggestions expressed in this consensus 
statement were reached after deliberations based on the 
panel members’ clinical expertise in lung cancer patient 

Highlight box

Key recommendations 
• Health authorities in the Middle East and Africa (MEA) region 

must be informed about the critical need for comprehensive lung 
cancer screening programs. Increasing public awareness about the 
risks, benefits, and accessibility of screening programs for high-risk 
groups can significantly improve survival rates.

• Campaigns emphasizing the risks of smoking targeting young 
people through education in schools and social media can 
effectively prevent smoking initiation, contributing to a healthier, 
smoke-free future generation.  

What was recommended and what is new?  
• Implementation of lung cancer screening programs in the 

MEA region remains significantly limited likely due to resource 
constraints, varying healthcare priorities, and a lack of widespread 
awareness about the benefits of early detection. 

• The MEA region requires tailored lung cancer screening programs 
that consider local risk factors and cultural specifics. Establishing 
such programs faces challenges in integration with existing 
healthcare systems and securing necessary funding and expertise.

What is the implication, and what should change now? 
• Research on risk factors, awareness programs for physicians and 

patients, and integration of lung cancer screening initiatives with 
tobacco control programs in the MEA region may facilitate higher 
adherence to lung cancer screening.

• Collaborative efforts for funding and resource allocation, alongside 
adapting strategies to local contexts, are essential to enhance early 
detection and improve overall cancer care outcomes in the region.
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care, and applicable and relevant published evidence. In this 
report we primarily focus on information from the countries 
represented by the external experts attending the steering 
committee meeting. Very little information was available 
from other countries of the region and thus was excluded.

Epidemiology and burden of lung cancer in the MEA 
region 

Although lung cancer is among the top 10 malignancies 
detected in the MEA region, accurate data on lung cancer 
incidence rates are not available due to a lack of updated 
population registries in several countries of the region 
(10,13). In 2018, the estimated number of new lung cancer 
cases in the MEA region was 79,887 (13). Lung cancer 
comprised 4.0% of 4,707 total cancer cases in UAE in 2018 
and 8.8% of 2,079 cancer-related deaths out of a population 
of approximately 10 million (20). An epidemiological 
study reported that Lebanon had the highest incidence of 
lung cancer in the MEA region between 2005 and 2015, 
accounting for 9.2% of all new cancer cases, i.e., about 
950 cases per year (21). Egypt reported an increase in the 
incidence of lung cancer between 1980 and 2014, from 
11.9 to 63.3 per 100,000 male population and from 3.7 to 
13.8 per 100,000 female population, with a corresponding 
increase in mortality rate (9.1 to 32.4 in men and 2.3 to 
12.4 in women) (22). In 2020, the International Agency 
for Research on Cancer (IARC) reported that lung cancer 
ranked fifth among all cancers, accounting for 4.9% of all 
new cancer cases in Egypt, with a 5-year prevalence of 6.95 
per 100,000 population and a mortality rate of 6.5% (23). 
Similarly, according to the IARC2020 data from Jordan, 
lung cancer ranked second among all cancers in both sexes 
with an incidence of 9.1%, a 5-year prevalence of 10.85, and 
a mortality rate of 15.2% (24). 

Conforming to global trends, lung cancer prevalence 
in the MEA region shows a strong male preponderance. 
However, an increase in lung cancer among females in the 
region has been observed, probably echoing the upsurge 
of smoking in females in recent years (10,25). Up to 2015, 
lung cancer showed a significantly increasing trend for both 
men and women in Lebanon, having the second highest 
incidence among men and highest incidence among women 
compared with other MEA countries (21). In UAE, the 
reported incidence of lung cancer was 7.8% of 425 total 
cases in men and 1.0% of 680 total cases in women in 
2017, with an estimated average mortality of 8.4% (20). 
Qatar has also reported a rise in the lung cancer incidence 

among women, while the male-female ratio of lung cancer 
incidence in Egypt from 1980 to 2014 was reported to be 
3.2:1 (22,25). 

The age-standardized incidence rate (ASIR), as well as 
the age-standardized mortality rate (ASMR) of lung cancer 
in the MEA region (ASIR, 17.5 per 100,000 people; ASMR, 
15.7 per 100,000 people), were found to be less than the 
global rates (ASIR, 22.4 per 100,000 people; ASMR, 18.0 
per 100,000 people). Turkey had the highest ASIR and 
ASMR per 100,000 people for lung cancer among the MEA 
countries which were both significantly higher than the 
global average (ASIR: global, 22.4; Turkey, 40.0; ASMR: 
global, 18.0; Turkey, 35.9). The lowest ASIR (2.5) and 
ASMR (2.3) among the MEA countries was found in Sudan, 
which were significantly lower than the average for the 
region as well as the global average (Table 1) (2,13,26).

Risk factors

Lung cancer is linked to a constellation of well-established 
risk factors ranging from lifestyle to environmental and 
occupational exposures to carcinogens (8,13). 

Modifiable risk factors 

Smoking
Tobacco smoking has the strongest association of all risk 
factors in the pathogenesis of lung cancer. The combustion 
of tobacco emits about multiple carcinogens including 
polycyclic aromatic hydrocarbons and nitrosamines (27,28). 
The risk of developing lung cancer is 20 to 50 times higher 
in current smokers than never-smokers (20). Smokers are 
also at 20 times higher risk of dying from lung cancer than 
non-smokers (14). Although cigarette smoking is more 
common, people in the MEA region also use other kinds 
of tobacco-based smoking products such as cigarillos, bidi, 
cigars, pipes, midwakh (a smoking pipe of Arabian origin 
that is mainly produced in Iran and UAE and made by 
mixing dokha [a sifted tobacco product of Iranian origin] 
with aromatic leaves and barks of herbs), shisha (a mixture 
of tobacco and fruit or molasses sugar), and hookah or 
waterpipes (10,29). These products are said to pose an 
equivalent if not higher risk of developing lung cancer. For 
example, smoking one shisha pipe is equivalent to smoking 
100 cigarettes in a day while hookah or waterpipes have 
high benzene and other carcinogenic content (10,29). 
Despite having tobacco control policies in place in many 
MEA and Eastern Mediterranean countries, smoking is 
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highly prevalent in the region, with current data showing 
approximately 42% of the population smoking some form 
of tobacco, and this figure is expected to reach 62% by  
2025 (13). In a retrospective cohort study conducted in 
Qatar between 2011 and 2018, approximately 66.4% 
of the total reported lung cancer cases were found to 
have a smoking history (25). The recent World Health 
Organization (WHO) report on the global tobacco 
epidemic 2021 indicated that the daily smoking prevalence 
in adults in the MEA region was highest in Jordan (30%) 
followed by Lebanon (24%), and lowest in Oman (7%) 
and Afghanistan (7%) (Figure 1), with the age-standardized 
prevalence being 35.0% for both Jordan and Lebanon, and 
8.1% for Oman (30,31). In Turkey, the ban on indoor public 

smoking was extended to include bars, restaurants, coffee 
houses, and hookah bars on 19 July 2009. Any form of 
advertising on smoking was forbidden including depiction 
of people smoking on television, such as cigarettes blurred 
out in smoking scenes. The law was upgraded to require 
plain packaging of all tobacco products with health warnings 
messages and images covering both sides of packages in 
at least 85% of the packaging by December 2018. While 
these efforts were aimed to decrease the number of new 
smokers, the already existing high number of smokers in the 
population were at a high risk of developing lung cancer. 

Adult men and women of all age groups in the MEA 
region are habituated to smoking, including physicians 
(30.7%), university students (19.2%), medical students 
(25.8%), and pregnant women (20%) (32,33). While a 
systematic review conducted by Nasser et al. from 2018 to 
2019 found higher smoking prevalence in men compared 
to women in Yemen, Tunisia, Bahrain, Egypt, KSA, Jordan, 
Palestine, and Syria, another study claimed a higher 
smoking prevalence in women (15.7%) than men (10.3%) 
in Yemen (34). A study conducted by Sibai et al. on the 
Lebanese population found smoking to be common among 
the younger adults (44.6%) between 18 to 34 years of age 
affecting a higher percentage of women (53%) than men 
(47.0%) (32). The WHO data on smoking showed a higher 
smoking prevalence in Egypt, Jordan, Tunisia, and UAE 
in men while in Lebanon smoking was higher in women 
(10,20). Several countries in the MEA region have also 
reported a surge of smoking among adolescents (13,21). A 
study evaluating cigarette and waterpipe smoking from 2018 
to 2019 among university students found a higher overall 
smoking rate in Egypt (46.7%), Kuwait (46%), and KSA 
(42.3%) with approximately 10% prevalence among girls 
aged 13 to 15 years in 12 Arab countries (34). The Global 
Youth Tobacco Survey reported smoking prevalence among 
boys and girls aged 13 to 15 years in the MEA region was 
19.8% and 10.6%, respectively (13). 

Not just active smoking but passive smoking or exposure 
to second-hand smoke may equally contribute to the 
development of lung cancer (27). Non-smokers are at 20% 
to 30% risk of developing lung cancer when married to 
a smoker (20). Factors such as duration and frequency of 
smoking contribute to increasing the vulnerability to lung 
cancer (27). Occasional smokers and individuals smoking a 
few cigarettes in a day are also at higher risk of developing 
lung cancer. The risk goes on, increasing with increasing 
years of smoking and the number of cigarettes smoked in a 
day (35). Khattab et al. reported a high cumulative cigarette 

Table 1 GLOBOCAN 2020 data on estimated ASIR and ASMR for 
lung cancer in Middle East and Africa region

Countries
ASIR/ 

100,000 people
ASMR/ 

100,000 people

Algeria 11.5 10.4

Armenia 27.8 25.5

Bahrain 11.7 10.6

Egypt 8.0 7.2

Iraq 12.0 11.1

Jordan 15.6 14.3

Kuwait 8.0 7.2

Lebanon 18.7 16.6

Libya 16.6 14.9

Morocco 18.3 16.3

Oman 5.4 5.0

Qatar 9.2 8.5

Saudi Arabia 5.1 4.6

South Africa 18.3 15.8

Sudan 2.5 2.3

Syrian Arab Republic 15.3 14.1

Tunisia 19.5 17.4

Turkey 40.0 35.9

United Arab Emirates 6.6 5.7

Yemen 5.8 5.5

ASIR, age-standardized incidence rate; ASMR, age-standardized 
mortality rate.
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smoke exposure in both men (77.5%) and women (59.3%) 
smoking approximately 10 pack-years. The mean cumulative 
exposure was found to be 29.1±26.2 pack-years for men 
and 18.5±20.5 pack-years for women. Lebanon and Jordan 
were reported to have the highest cumulative exposure 
to cigarette smoke (36). Although, Egypt is reported to 
consume approximately 20 billion cigarettes annually, the 
use of waterpipes and imported tobacco are also common. 
In the Mediterranean region, Morocco is believed to be one 
of the highest tobacco consumers with more than 15 billion 
cigarettes smoked every year (13). However, it has been 
observed that while men and women are equally vulnerable 
to the development of lung cancer, irrespective of smoking 
status, there was a higher prevalence of lung cancer among 
non-smoking women compared to non-smoking men (37).

Other risk factors
Other contributing factors that either individually or in 
conjunction with smoking increase the risk of lung cancer 
in an individual are indoor pollution due to unprocessed 
biomass fuels, air pollution, exposure to radiation and gases 
like radon, and occupational hazards such as exposure 
to carcinogenic agents like asbestos, nickel, arsenic, and 
chromium (27). Burning incense (bakhour) is a popular 
traditional practice in the MEA region which may also 
contribute to the risk of lung cancer (38-40). Lebanon 
has relatively high air pollution due to the excessive use of 
diesel-operated electric generators. Diesel engine exhaust 
is known to increase the relative risk of lung cancer by 30% 
to 50% (21). Presence of other concomitant respiratory 

problems like asthma and chronic obstructive pulmonary 
disorder also has a significant role in the development of 
lung cancer (21). Human immunodeficiency virus (HIV) 
infection, which is highly prevalent in many parts of 
Africa, has also been shown to independently increase the 
risk of lung cancer (41). Evidence also suggests that lung 
cancer in people living with HIV presents at a younger age 
with a significantly worse performance status and almost 
exclusively with incurable disease at presentation (41,42). 

Non-modifiable risk factors 

Age is a key determinant of the risk of the development of 
lung cancer. Individuals in the advanced age group (55 to 
74 years) are more susceptible to developing lung cancer 
than the younger population (37). An epidemiological study 
by Jaafar et al. conducted in four Gulf countries found that 
more than 50% of the included patients with lung cancer 
were >45 years of age (43). Another study conducted in 
Qatar between 2011 and 2018 found that the majority of 
patients with lung cancer (56.1%) were in the age group of 
50 to 69 years (25). In Yemen and Qatar, the median age of 
lung cancer detection is reported to be 60 years (13,25,43). 
In Egypt, mean age of lung cancer diagnosis was found to 
be 48 years, with the majority of patients being in the age 
range of 50 (55.3%) to 60 (29.3%) years at diagnosis (22). 
Salhab et al. reported that the incidence rate of lung cancer 
increased with age in both Lebanese men and women and 
89.2% of the cases were ≥50 years of age (21). 

A positive family history of lung cancer increases the 
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Figure 1 Adult daily smoking prevalence. 
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vulnerability of developing lung cancer in an individual (8). 
Certain population groups tend to have a predisposition 
to developing lung cancer over others. For example, 
African American individuals from a low socioeconomic 
background with a low body mass index, a personal history 
of cancer, and a family history of lung cancer are at a 
greater risk of developing lung cancer, even if not exposed 
to any other risk factor (44). Similarly, East Asians seem to 
have an inherent non-environmental susceptibility to the 
development of lung cancer associated with mutations in 
the epidermal growth factor receptor (EGFR) gene (45). 
Genetic mutations such as EGFR, anaplastic lymphoma 
kinase (ALK), c-ros oncogene 1, Kirsten rat sarcoma virus 
(KRAS), V-raf murine sarcoma oncogene homolog B1 
(BRAF), mesenchymal-epithelial transition factor (MET), 
human epidermal growth factor receptor 2 (HER2), and 
other genes are common driver mutations of advanced 
NSCLC (Table S2) (11,45,46). The epidemiological 
patterns of these genetic alterations vary according to 
geographical areas, ethnicity, sex, and pathological factors. 
Molecular therapies are currently targeting these genetic 
driver mutations of lung cancer. 

Screening criteria for lung cancer

Current guidelines recommend that lung cancer screening 
should target individuals considered to be at the highest 
risk, who are also most likely to benefit from the screening. 
As tobacco smoking is the primary risk factor for lung 
cancer, screening criteria customarily focus on smoking 
status for selecting high-risk individuals (44,47). However, 
smoking status is insufficient to identify all individuals at 
high risk of lung cancer. Hence, risk prediction models 
are incorporating important risk factors for lung cancer 
such as a family history of cancer or respiratory illness, 
occupational exposures, race, and ethnicity are helpful tools 
for identifying individuals at high-risk who might be missed 
if only their age and smoking status were considered (48,49). 
Patients with underlying conditions such as emphysema, 
pulmonary fibrosis, positive family history, and known 
exposure to inhaled carcinogens are included in the high-
risk group. Most countries in the MEA region do not 
have any set lung cancer screening programs. However, 
in the majority of countries within the region, the criteria 
for identifying high-risk populations who are eligible for 
screening should meet the following (20,50,51):
	 Age 50 to 80 years in general good health and fit 

for further investigations;

	 Individuals who smoked or had at least a 20-pack-
year history of smoking;

	 No prior history of lung cancer (in this case follow-
up and not screening is required);

	 A family history of lung cancer.

Guidelines for early detection of lung cancer

Many lung cancer screening trials with chest radiography 
and LDCT have been conducted over the past 40 years 
among heavy smokers (52). The Early Lung Cancer 
Action Project revealed that LDCT was more sensitive 
than chest radiography in lung cancer detection (52). 
Several other studies conducted later showed that LDCT 
detected more nodules during early-stage disease than chest  
radiography (20). The landmark National Lung Screening 
Trial (NLST) compared the efficacy of two imaging 
techniques (LDCT and chest radiography) to determine 
the efficacy of LDCT screening in reducing mortality 
from lung cancer. The study results showed a 20% 
[95% confidence interval (CI): 6.8% to 26.7%; P=0.004] 
reduction in mortality from lung cancer with LDCT 
screening (18,19,29,47,53). The enrolment criteria of 
NLST trial majorly focus on age and smoking history in 
order to identify high-risk individuals for screening thereby 
missing the inclusion of a substantial number of people 
with probable risk of developing lung cancer (20,50). 
Following NLST, another randomized controlled trial, the 
Nederlands-Leuvens Longkanker Screenings Onderzoek 
(NELSON) was undertaken on individuals who smoked 
or had a history of smoking between 50 and 75 years 
of age and a history of smoking >15 cigarettes daily for  
>25 years or >10 cigarettes daily for >30 years and ≤10 years 
after quitting smoking (20,50). The results showed that 
more than half of the screening-detected cases were in the 
early stages (IA and IB) (20,50). The NLST and NELSON 
trials were conducted to determine the effectiveness of 
volume based LDCT screening in reducing lung cancer-
associated mortality. The findings revealed screening using 
LDCT detected almost 2/3rd of the cases in the early stages 
and helped in reducing lung cancer-related mortality by 
almost 24% in men and 33% in women (20). The NLST 
and NELSON selection criteria are now widely used for 
identifying eligible candidates for lung cancer screening 
(18,19,29,47,53). In another trial, the International Early 
Lung Cancer Action Project (I-ELCAP), screening resulted 
in a diagnosis of early-stage lung cancer in 85% of the 
participants and the estimated 10-year survival rate was 
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88% in this subgroup (95% CI: 84% to 91%) (54). Based 
on the findings of the NLST, NELSON trial, and other key 
trials (Table S3), the American Cancer Society, the National 
Comprehensive Cancer Network (NCCN), as well as the 
National Health Service of the United Kingdom released 
lung cancer screening guidelines targeting individuals aged 
55 to 74 years who smoked or had a history of smoking  
30 pack-years (53,55,56). In March 2021, the United 
States Preventive Services Task Force published substantial 
revisions in lung cancer screening recommendations that 
suggest that screening for lung cancer with LDCT is 
recommended in adults aged 50 to 80 years who have a 
20-pack-year smoking history and currently smoke or have 
quit within the past 15 years (57).

Lung cancer risk prediction models

Risk-prediction models that take into consideration 
pulmonary nodule size, calcification, spiculation, density, 
and other imaging results are recommended by several 
clinical practice guidelines for the selection of patients for 
LDCT based on high-risk criteria (58-60). These models 
aim to stratify risk of malignancy in nodules detected 
on computerized tomography (CT) and are effective in 
distinguishing benign and malignant cases (61,62). The 
risk prediction models are frequently categorized into 
traditional models that take into account raw data and deep 
learning algorithm-based models, wherein the use of raw 
data is allowed with representations needed for detection or 
classification. 

These risk prediction models have been validated and 
found effective as well as cost-effective. There are currently 
more than 18 traditional models developed to predict 
the pathological characteristics of pulmonary nodules. 
Of these models, 7 were based on the North American 
population, 2 were based on the European population, and 
9 were based on the Asian population (63). Further, various 
predictive models have also been developed that estimate 
the overall risk of developing lung cancer based on various 
risk factors, including demographic, clinical, and lifestyle 
factors. These models are valuable for identifying high-
risk individuals who may benefit from preventive measures, 
screening programs, or closer monitoring. A comparative 
analysis of high-risk screening using a risk prediction 
model versus standard care using data from the NLST 
reports that the use of the risk prediction tool would have 
reduced the number of individuals requiring screening in 
the NLST by 81% (64). Keeping in mind the limitations of 

the NLST trial, another risk-prediction model with high 
predictive accuracy called Prostate, Lung, Colorectal, and 
Ovarian Cancer Screening Trial 2012 Model Version 2012 
(PLCOm2012) was developed. The model aids in stratifying 
the patients being screened into high- and low-risk groups 
and in determining the screening interval (44). It takes into 
consideration risk factors such as age, race, body mass index, 
chronic obstructive pulmonary edema, education, a family 
history of lung cancer, a personal history of cancer, smoking 
status, and duration since smoking cessation in the case of 
individuals with a history of smoking. The 6-year risk score 
cut-off of 1.5% is the eligibility criteria for the screening 
with LDCT with biennial screening programs reported to 
be highly cost-effective (44,47). 

Screening guidelines for pulmonary nodule management 
in lung cancer patients

Several international guidelines including the Fleischner 
Society (65), British Thoracic Society (59,66), American 
College of Clinical Pharmacy (67), NCCN (68), the 
Asian guidelines (69), as well as the Saudi Lung Cancer 
Screening guidelines (70) and the South African Thoracic 
Society guidelines (50), primarily recommend LDCT for 
pulmonary nodule assessment and provide recommendations 
and algorithms for appropriate follow-up and management 
of lung nodules. LDCT screening is helpful in detecting a 
significant number of patients with lung cancers at a very 
early stage in the never-smoker population also (71). Older 
age (≥50 years) and heavy smoking (≥20 pack-years) are 
identified as risk factors by most of the guidelines while 
high-risk nodule features include large size, irregular 
or spiculated margins, and upper lobe location. Solitary 
solid nodules <6 mm do not require routine follow-up 
in patients at low risk of cancer. High-risk patients with 
solitary solid nodules <6 mm are recommended for annual 
screening with LDCT until they are no longer candidates 
for definitive treatment (65,68). For a solitary solid nodule 
in patients with high risk of cancer measuring 6 to 8 mm, 
a follow-up CT at 6 to 12 months then 18 to 24 months 
is recommended. For high-risk solid nodules measuring  
>8 mm, a follow-up CT or tissue-sampling is recommended 
at 3 months. In case the doubling time for the size of the 
nodules is between 100 to 400 days or if there is clear 
evidence of nodule growth, a positron emission tomography 
(PET)/CT or tissue sampling is recommended (65,68). 
A part-solid nodule is suggestive of inflammatory causes 
or peripheral adenocarcinoma with follow-up duration 

https://cdn.amegroups.cn/static/public/JTD-23-1568-Supplementary.pdf
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depending on the growth of the solid part of the nodule. 
Solitary part-solid nodules measuring ≥6 mm are followed-
up at by CT at 3 to 6 months to confirm persistence. If 
unchanged and the solid component remains at the same 
size, annual CT is recommended for 5 years or until the 
patient is no longer a candidate for definitive treatment 
(65,68). Hence, effective screening requires a personalized 
approach based on individual patient characteristics and the 
characteristics of the pulmonary nodules. Regular follow-
up and collaboration among healthcare providers are crucial 
for achieving optimum patient outcomes.

Screening practice for lung cancer across MEA 
region

Screening practices for lung cancer across MEA countries 
are marked by significant variations in implementation 
and utilization. Although certain countries have the 
established guidelines and resources, the majority of the 
other MEA countries are yet to implement a structured 
lung cancer screening program. However, the findings from 
the existing screening programs in some MEA countries 
should guide lung cancer screening programs in others 
(Table 2). Lung cancer policy network provides a platform 
to showcase results of ongoing and completed research on 
LCDT screening globally. The map facilitates sharing of 
information on best practices on use of LDCT, to guide 
development of policy regarding the use of LDCT screening 
in lung cancer diagnosis. The information obtained 
from this interactive map can be used by policymakers to 
implement policy changes on lung cancer detection (72). 
It is crucial to acknowledge that effectively addressing the 
diverse challenges and opportunities in MEA countries 
demands a considerate and adaptable approach tailored to 
each nation’s unique characteristics. Collaboration among 
governments, international organizations, and the private 
sector remains pivotal for the successful implementation of 
robust and equitable lung cancer screening programs across 
the region.

Factors leading to delay in lung cancer diagnosis 
across MEA region

Early detection rate is still low in the MEA region, with 
many countries including UAE reporting only one-fourth 
of the total cases as being detected at early stages (stage 
I and II) and majority detected at advanced stages (20). 
Factors responsible for delayed diagnosis of lung cancer 

vary between countries (10,14,74,75). The majority of 
the countries lack an early screening and patient referral 
program for lung cancer (20,29). While regular screening 
may be practiced in high-risk individuals independently by 
a few physicians, the region lacks a mass screening program 
using LDCT at the national level. LDCT is associated 
with certain risks such as excessive procedures, follow-
ups, cumulative exposure to radiation during scheduled 
yearly screening, false-positive findings, and hence anxiety 
among the patients. Owing to benign and noncancerous 
findings during LDCT screening, the cost-effectiveness 
of the screening procedure is still under question in the 
region (20,76,77). Additionally, inconsistencies in levels of 
awareness about screening guidelines and eligibility, and 
lack of understanding of the risks and benefits of screening 
among healthcare professionals in the primary care setting 
have been evidenced in some countries often resulting 
in misinterpretation of imaging reports (10,13,14,29,76). 
Overlapping symptoms with other respiratory diseases 
such as tuberculosis often delay diagnosis thereby delaying 
referral to the oncologists and resulting in patients getting 
incorrect treatment for extended periods (29,75). Lack of 
a documented patient referral pathway in several countries 
of the MEA often results in inadequate communication 
between primary care physicians (PCPs) and oncologists (10).  
Some of the low-middle-income MEA countries including 
Lebanon have limited healthcare funding. This not only 
causes delayed lung cancer detection but also results in an 
underestimation of the lung cancer prevalence rate (21). 
Additionally, the absence of population-based registries for 
high-risk individuals and automation in diagnostic tools may 
delay the early identification of patients with lung cancer. 
Large-scale screening programs may help to catalyze the 
development of supporting networks and capacity. The most 
common reasons for the delayed diagnosis of lung cancer in 
the MEA region include the following:
	 Lack of awareness among individuals about disease 

symptomatology, failure to act after experiencing 
symptoms due to negligent behavior or fear;

	 Lack of awareness among the general public about 
smoking as a major causative factor;

	 Lack of exploration of the risk-benefit ratio of 
LDCT due to the misconception of perceived risks 
associated with the procedure resulting in lower 
compliance for screening;

	 Lack of a reliable database of the entire population 
that includes smoking history and other relevant 
risk factors to determine screening eligibility;
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Table 2 Country-specific lung cancer screening guidelines (72)

Countries Key points

UAE (20,29) Risk factors for lung cancer:

 Age: between 55 and 74 years

 Family history of lung cancer

 Passive or active smoker (current or former heavy smokers: at least one cigarette pack daily for 30 years or two packs 
for 15 years)

 Air pollution

 Exposure to asbestos, radon, and diesel exhaust

Indications for urgent chest X-ray (to be performed within 2 weeks to access for lung cancer):

 People aged ≥40 years and experiencing ≥2 of the following unexplained symptoms, or if current or former smoker 
having ≥1 of the following unexplained symptoms:

• Cough

• Fatigue

• Shortness of breath

• Chest pain

• Weight loss

• Appetite loss

 People aged ≥40 years with any of the conditions:

• Persistent or recurrent chest infection

• Finger clubbing

• Supraclavicular lymphadenopathy or persistent cervical lymphadenopathy

• Chest signs consistent with lung cancer

• Thrombocytosis

Indications for LDCT:

 Age: between 55 and 74 years

 Family history of lung cancer

 Passive or active smoker (current or former heavy smokers: at least one cigarette pack daily for 30 years or two packs 
for 15 years) and recommended for annual screening with LDCT

 A PLCOm2012 6-year risk score of >1.51% (47,73)

 With the following suspicious chest X-ray findings:

• A nodule or mass

• Multiple pulmonary nodules

• Non-resolving pleural effusion

• Mediastinal or contralateral hilar adenopathy

• Interstitial infiltrates

• Slowly or non-resolving pneumonia or consolidation

• Apical fibrotic disease suggestive of possible tuberculosis

• Unexplained elevated diaphragm

 Age ≥40 years with unexplained hemoptysis

 Person with hemoptysis and related symptoms despite normal chest X-ray findings

Table 2 (continued)
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Table 2 (continued)

Countries Key points

Saudi Arabia 
(70)

Eligible candidates for screening are as follows:

 Asymptomatic patients (for screening symptomatic patients, standard procedure of care to be followed)

 Age 55 to 77 years

 Smoking history of ≥30 pack-years

 Active smoker or having quit smoking <15 years ago

 No chest CT scan done in the last year

Non-eligible candidates/conditions:

 Individuals with comorbidities that could adversely influence their ability to tolerate the evaluation of screen-detected 
findings or tolerate treatment of early-stage screen-detected lung cancer or that substantially limit their life expectancy

 LDCT screening not to be performed in case of:

• Advanced liver disease

• COPD with hypoventilation and hypoxia

• NYHA class IV heart failure

Recommendations post-CT scan findings during screening: 

 Normal CT scan to be performed after 1 year and then repeated annually 

 Positive findings to be compared with previous imaging data if available

 New lung lesions: 

• Size <5 mm: repeat CT in 12 months and thereafter depending on CT results

• Size 6 to 7 mm: repeat CT in 6 months

• Size >8 mm: refer to pulmonary/thoracic surgeon for workup

South Africa 
(50)

Eligibility criteria for annual screening with LDCT:

 Age 55 to 74 years

 Current or former smokers (having quit within the preceding 15 years) with at least a 30-pack-year history

 No history of lung cancer

 Are in general good health and fit for surgery

Recommendations for LDCT screening: 

 Screen annually until 15 years have passed from date of smoking cessation, or until 80 years of age, become unfit for a 
curative surgery or until significant changes are observed

 Nodule size ≥6 mm is considered threshold for positive lesion at baseline

 Upon LDCT findings:

• Solid or partly solid nodule is ≥6 mm, but <10 mm with no malignant features: LDCT to be repeated every 6 months

• Solid nodule or the largest solid component of a non-solid nodule is ≥10 or ≥6 mm and enlarging or with additional 
malignant features present. Considered as positive nodules and recommended for definitive diagnosis and/or therapeutic 
intervention

Recommendations for LDCT protocols within a TB-endemic setting:

 Tuberculosis is highly prevalent in South Africa, which masks symptoms of lung cancer. Thus, a clearly documented 
protocol is developed that is specific to each LDCT scanner

UAE, United Arab Emirates; LDCT, low-dose computerized tomography; CT, computerized tomography; COPD, chronic obstructive 
pulmonary edema; NYHA, New York Heart Association; PLCOm2012, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial 2012 
Model Version 2012; TB, tuberculosis.
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	 Low or non-adherence to screening guidelines by 
many physicians;

	 Lack of expertise among PCPs in early lung cancer 
diagnosis due to inadequate training on disease 
symptomatology and progression;

	 Lack of adequate referral pathways;
	 Early diagnosis may be missed due to inability 

to make a differential diagnosis in presence of 
comorbid conditions with overlapping symptoms 
with other respiratory diseases like tuberculosis and 
pneumonia;

	 Lack of a standard procedure or early patient 
referral pathways in the region;

	 Poor access to many diagnostic options or tests such 
as tumor molecular profiling in several countries 
in the region. Precession diagnostic modalities 
are available only in limited countries and tertiary 
centers;

	 Facilities for diagnosing EGFR and ALK receptor 
tyrosine kinase mutations, or imaging modalities 
such as PET/CT are available in some countries 
only.

Strategies for effective screening and referral 
for early diagnosis of lung cancer 

In the MEA region, most patients with lung cancer have 
a poor prognosis at presentation since most of the cases 
are diagnosed in advanced stages hence, limiting the 
availability of treatment choices (3,10,13). According to 
Cancer Research United Kingdom, the majority of patients 
with lung cancer are likely to survive for at least a year if 
diagnosed at an early stage compared with approximately 
15% of patients diagnosed at an advanced stage of the 
disease (2,20). Hence, to optimize lung cancer management 
and to reduce lung cancer burden in the MEA region, it 
is imperative to adopt screening programs for high-risk 
individuals and have a well-documented referral pathway 
to be followed as part of clinical practice across the region 
(2,20). Recommendations for effective screening and patient 
referral for lung cancer include:
	 Educating the general public about disease 

symptomatology, associated risk factors (especially 
smoking), and benefits of early screening where 
appropriate;

	 Initiating awareness programs about lung cancer 
and smoking targeted towards different ethnic 
groups with major focus on adolescents and those 

from low socioeconomic status; 
	 Establ ishing well  documented criteria  for 

identifying high-risk patients; 
	 Formulating a well-documented patient referral 

pathway; 
	 Risk-prediction models may be used to 

predict the risk for malignancy before referral 
for LDCT.

	 Arranging training programs for PCPs to guide 
them referral pathway for screening;

	 Establishing cancer registries in the region to have 
a reliable and updated lung cancer epidemiological 
data, to aid in strategic planning for prevention, 
control, and treatment of lung cancer.

The quality-of-care pathways determine the success of 
a screening programs. Every suspected case of lung cancer 
should have immediate access to accurate diagnosis and 
care led by a multidisciplinary team (MDT) (78). Patient 
barriers to attending the screening may be physical, 
financial, informational, social, or cultural. Compliance to 
the screening is one of the key milestones to be achieved 
to improve patient outcomes (20,21). As PCPs are the 
frontline providers in the healthcare systems, effective 
screening strategies and training programs for PCPs will 
guide them in issuing referrals for high-risk patients for 
early screening (20,74). Furthermore, it is essential to 
have programs focusing on developing a cancer registry in 
the region in order to have comprehensive, reliable, and 
updated lung cancer epidemiological information and to aid 
strategic planning for the prevention, control, and treatment 
of lung cancer (13,22,25). Also, encouraging more genetic 
and epigenetic studies will help better evaluate the effect of 
genetic factors in the development of lung cancer (21).

Recommended referral programs for improving early lung 
cancer detection

Due to uncertainties regarding the yield and cost-
effectiveness of LDCT in MEA countries, physicians 
often adopt an individualized approach to screen high-risk 
patients, utilizing either chest radiographs or LDCT (12).  
However, compliance with guidelines for screening and 
early referral to a specialist and accurate prompt treatment 
are greatly improve patient outcomes. Since high-risk 
individuals are initially treated by PCPs, experts have 
proposed a pathway to help PCPs prescribe early screening 
imaging referrals based on the NLST, NELSON, and 
PLCOm2012 criteria. Figure 2 illustrates the general 
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sequence of referrals following a chest radiography (53,55). 
A well-documented referral guideline for PCPs in the 

MEA region is urgently required focusing on risk factors 
and patients’ criteria for referral. For patients with specific 
symptoms suggestive of lung cancer like hemoptysis, 
guidelines suggest that PCPs need to urgently refer for 
imaging as well as refer to a specialist linked to a lung 
cancer MDT (20). The effectiveness of the referral program 
may be monitored through key performance indicators 
like the time from the abnormal radiological findings to 
the treatment initiation. An MDT comprising pulmonary 
specialists, radiologists, pathologists, oncologists, and 
thoracic surgeons may be developed to collaborate for 
diagnosis post-LDCT and minimize false-positive results, 
unnecessary invasive procedures, and design diagnostic 
pathways.

Emerging role of AI for lung cancer screening

Emergence of AI based screening techniques have offered 
advancement in lung cancer management and is gaining 
popularity worldwide. The use of such technology not only 
helps in reducing a radiologist’s burden but also increase 
the sensitivity and specificity of detection. The use of AI 
in the evaluation of pulmonary images can greatly improve 
the accuracy of identifying pulmonary nodules in primary 
care settings, leading to earlier diagnosis. The AI uses 
an algorithm that supports radiologists in interpreting 
radiological reports accurately, thus helping in faster and 
more accurate diagnosis (79,80). Computer-aided diagnosis 
(CADx) schemes improve radiologists’ diagnosis accuracy 
while shortening the time to view CT images (81). CADx 
and computer-aided detection (CADe) are two elements of 
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Figure 2 Referral pathway after chest radiography. CT, computerized tomography; LDCT, low-dose computerized tomography.
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the CAD system for nodule detection. The CADe attempts 
to segregate nodule and no nodule candidates (anatomical 
structures such as blood vessels and tissues), while the 
CADx characterizes and classifies the segmented lesions as 
a cancerous tumor or noncancerous tumor. Results from a 
study conducted by Mahboub et al. in the UAE supported 
the use of a machine-learning model as a passive tool for 
monitoring all X-rays processed at an institution to find 
incidental cases of lung cancer or as a triaging tool for 
facilitating the patients’ journey through the standard care 
pipeline for lung cancer (82). However, as most of the 
countries in the MEA region including Lebanon, Egypt, 
Turkey, and KSA have limited real-time experience in use 
of AI-based algorithms in lung cancer screening, there is a 
need for creating awareness about the latest technologies 
among physicians and other stakeholders and provide 
training to the healthcare providers to encourage use of AI 
aided screening and diagnostic techniques in the clinical 
practice in the region.

Conclusions

The incidence of lung cancer has increased significantly 
in the MEA in region recent years. Lack of awareness 
about disease symptoms, misdiagnosis, limited screening 
initiatives, and late referral to specialists are the major 
reasons for delayed diagnosis. The high incidence and poor 
survival rates of patients with lung cancer in the region 
are primarily due to delayed presentation and diagnosis, 
emphasizing the need for national-level lung cancer 
screening programs. High cost, lack of public awareness, 
and lack of expertise among the healthcare providers 
prevent the judicious use of LDCT in the MEA region. A 
well-established screening and referral guideline can aid 
the healthcare providers in early identification enabling 
timely intervention and reducing delays. Research on risk 
factors, awareness programs for physicians and patients and 
integration of lung cancer screening initiatives with tobacco 
control programs have the potential to improve clinical 
outcomes by facilitating higher adherence to screening 
and may also prove to be cost-effective over the long term. 
This holistic and evidence-based approach also supports 
rational decision-making for fund allocation, emphasizing 
high-impact interventions to reduce the overall burden 
of lung cancer. Local governments in the MEA region 
need to be made aware of the importance of lung cancer 
screening and should be convinced to initiate large-scale 
programs targeting high-risk individuals to improve survival 

outcomes.
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Table S1 Details of key experts 

Country Expert name Affiliation

KSA Dr. Ahmed Al lehebe King Faisal Specialist Hospital & Research Center (Jeddah)

KSA Dr. Ameen Alomair King Faisal Specialist Hospital & Research Center (Riyadh)

UAE Professor Humaid Al Shamsi Burjeel Hospital

South Africa Professor Coenraad Koegelenberg Tygerberg Hospital

Lebanon Dr. Arafat Tfayli American University of Bierut

Jordan Dr. Khaled Al Asad University of Jordan

Turkey Dr. Ugar Selek Koç University School of Medicine, Istanbul

Egypt Professor Ashraf Madkour Ain Shams University

Egypt Professor Mohsen Mukhtar Al-Kasr Al-Aini Medical School

UAE Dr. Bassam Mahboub Dubai Health Authority

All the key experts were specialized in the field of oncology and were affiliated with countries of the MEA region. An advisory board 
meeting took place wherein experts gathered for deliberations. Following extensive discussions and exchanges of insights about lung 
cancer screening and early detection, this consensus paper was collaboratively developed. KSA, Kingdom of Saudi Arabia; UAE, United 
Arab Emirates; MEA, Middle East and Africa.

Table S2 Genetic driver mutations associated with lung cancer in the MEA region

Gene Common variants Prevalence Age Smoking status Prognostic significance

EGFR Mutations in  
exons 19 and 21

10–16% in Western 
populations, 40–50% in 
Asians

Younger patients Never smokers Response to specific 
TKIs, T790M predictor of 
resistance

ALK EML4-ALK variants 1–10% of NSCLC Younger patients Never smokers Aggressive tumors, 
response to specific TKIs

ROS1 CD74-ROS1 variants 0.9–2.6% of NSCLC Younger patients Never smokers Less aggressive tumors, 
response to specific TKIs

KRAS Mutations in  
codons 12 and 13

30–40% of NSCLC, more 
common in Caucasians

Older ages Smokers Not clear

BRAF Mutations in exon 15 2–4% of NSCLC No age specificity Smokers Not clear

MET Mutations in exon 14, 
amplification

Mutations in 1–10% of 
NSCLC, amplification in 
5–22%

Older ages Smokers Resistance to EGFR-TKIs. 
Response to MET inhibitors

HER2 Mutations in  
exons 18–21, 
amplification

Mutations in 2–3% and 
amplifications in 2–5% of 
adenocarcinomas

Not clear Mutations in never-smokers 
and amplifications in  
ex-smokers

Not clear

Data are adapted from “Druggable genetic alterations in NSCLC” (https://encyclopedia.pub/entry/6428#) and Fois et al. Int J Mol Sci  
2021 (45). MEA, Middle East and Africa; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1, c-ros 
oncogene 1; KRAS, Kirsten rat sarcoma virus; BRAF, V-raf murine sarcoma oncogene homolog B1; MET, mesenchymal-epithelial transition 
factor; HER2, human epidermal growth factor receptor 2; TKIs, tyrosine kinase inhibitors; EML4, echinoderm microtubule-associated 
protein-like 4; NSCLC, non-small cell lung cancer.

Table S3 Key trials for lung cancer screening

Trial Criteria for positive identification

NLST Non-calcified nodules ≥4 mm

I-ELCAP At least one solid or partly solid non-calcified pulmonary nodule ≥5 mm; or at least one nonsolid non-calcified pulmonary 
nodule ≥8 mm

NELSON For (part) solid lung nodules, a volume >500 mm3, and for (part) solid or nonsolid nodules with a volume-doubling time of 
<400 days

ITALUNG At least one non-calcified solid nodules ≥5 mm or a non-solid nodule ≥10 mm or the presence of a part-solid nodule

NLST, National Lung Screening Trial; I-ELCAP, International Early Lung Cancer Action Project; NELSON, Nederlands-Leuvens Longkanker 
Screenings Onderzoek; ITALUNG, Italian Lung. 
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