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Abstract

This review synthesizes current evidence on the global epidemiology and prevention of lung cancer, with a focused analysis
of the Southeastern Europe region. Lung cancer remains the leading cause of cancer-related mortality worldwide, reflecting
persistent exposure to modifiable risk factors and substantial inequities in early detection and treatment access. Data from
GLOBOCAN, the Global Burden of Disease study, randomized controlled trials, and population-based registries were used
to assess trends in incidence, mortality, and survival, and to examine the evolving distribution of histological subtypes and
molecular profiles. While tobacco smoking remains the leading risk factor, a growing proportion of lung cancer, especially
among never-smokers, is attributable to non-tobacco exposures, including ambient and household air pollution, occupational
carcinogens, and residential radon. Despite advances in targeted therapies and immunotherapy, overall survival remains poor,
largely due to late-stage diagnosis. Evidence from landmark trials demonstrates that low-dose computed tomography (LDCT)
screening reduces lung cancer mortality primarily through stage migration, enabling detection at earlier, more treatable stages.
Southeastern Europe continues to experience a high burden driven by tobacco exposure, limited screening implementation, and
restricted access to molecular diagnostics. Inequities in screening eligibility, uptake, and access to advanced therapies worsen
survival outcomes across socioeconomic and demographic groups. Conclusions. Effective lung cancer control requires a multi-
level prevention strategy integrating strengthened tobacco control policies, risk-stratified LDCT screening, and equitable access
to molecular testing and treatment. Future research priorities include understanding lung cancer in never-smokers, evaluating
long-term risks of emerging exposures such as e-cigarettes, and utilizing multi-omics approaches to refine risk stratification and
guide targeted therapy.
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in most settings (3, 4). The persistently unfavor-
able prognosis is primarily attributable to the stage
at the time of presentation, with approximately
70% of lung cancers being diagnosed at stage III or
IV, when curative-intent treatment is seldom fea-
sible (5, 6). Lung cancer comprises a biologically

Introduction

Lung cancer is the most commonly diagnosed
cancer and the leading cause of cancer-related
mortality worldwide, accounting for 2.48 million
new cases and 1.82 million deaths in 2023, 12.4% of
all cancer diagnoses, and nearly one in five cancer

deaths globally (1, 2). Despite meaningful advanc-
es in low-dose computed tomography (LDCT)
screening, targeted therapy, and immune check-
point inhibitor-based regimens, population-level
five-year survival remains between 10% and 20%

heterogeneous group of malignancies originating
from the respiratory epithelium. It is broadly cat-
egorized into small cell lung cancer (SCLC) and
non-small cell lung cancer (NSCLC), with the
latter accounting for more than 85% of cases (7). In

Copyright © 2026 Hamran et al. This article is available under a Creative Commons License
(Attribution 4.0 International, as described at https://creativecommons.org/licenses/by/4.0/).



Shahd Hamran et al: Lung cancer epidemiology

NSCLC, adenocarcinoma is currently recognized
as the most prevalent subtype globally, account-
ing for approximately 50%, followed by squamous
cell carcinoma at roughly 30-40% (8). The relative
frequencies of these subtypes, as well as the preva-
lence of actionable somatic driver mutations within
them, vary substantially by geographic region, sex,
and smoking history. These differences have direct
implications for treatment selection and the devel-
opment of screening algorithms.

Lung cancer incidence and mortality are influ-
enced by the historical trajectory of tobacco use in
each population, separated from peak disease rates
by a biological latency of two to four decades (9).
As a result, rates are highest in countries where to-
bacco smoking peaked in the mid-to-late 20th cen-
tury, particularly in North America and Europe.
They are still rising in populations where the to-
bacco epidemic is more recent or ongoing (10, 11).
The proportion of lung cancer among never-smok-
ers is increasing, for whom tobacco-focused risk
frameworks are inadequate. In these cases, factors
such as ambient and household air pollution, res-
idential radon, occupational carcinogens, and ge-
netic susceptibility, particularly epidermal growth
factor receptor (EGFR) gene-driven oncogenesis,
play a proportionally larger role in causing the dis-
ease (10, 11).

The parallel shift in histological distribution,
from squamous cell carcinoma dominance to ad-
enocarcinoma predominance, has transformed
the molecular landscape of the disease and the de-
mands it places on diagnostic and therapeutic in-
frastructure. Adenocarcinoma more frequently
harbors targetable driver mutations, making com-
plete molecular profiling a prerequisite for op-
timal treatment, and screening algorithms built
on tobacco-dominant cohort data may not ade-
quately characterize risk in the contemporary nev-
er-smoker population (12).

This review provides a comprehensive synthe-
sis of the global and regional epidemiology of lung
cancer, with particular attention to Southeastern
Europe, where incidence and mortality rates remain
among the highest in the world. The review evalu-
ates the evidence base for primary, secondary, and

tertiary prevention strategies, drawing on tempo-
ral trend analyses of data from the Global Cancer
Observatory (GLOBOCAN 2022) and the Global
Burden of Disease (GBD 2023), and evidence from
randomized controlled trials (RCTs), systematic
reviews, and population-based registry data.

Review Methodology

This manuscript was developed as a narrative
review focused on the epidemiology, prevention,
screening, and survival trends of lung cancer, with
particular attention to trends in Europe, including
Southeastern Europe. The review was structured
around predefined thematic objectives, including
global and regional incidence patterns, risk fac-
tors, screening strategies, molecular epidemiolo-
gy, survival outcomes, and healthcare disparities.
Evidence was synthesized from major epidemio-
logical databases, randomized controlled trials,
systematic reviews, international guidelines, and
population-based registry studies relevant to lung
cancer prevention and control.

Epidemiology of Lung Cancer
Global Incidence and Mortality

GLOBOCAN 2022 estimated 2,480,675 new lung
cancer cases globally, making it the most com-
monly diagnosed cancer, with an age-standard-
ized incidence rate (ASR) of 23.6 per 100,000 and
1,817,469 deaths at an age-standardized mortali-
ty rate (ASMR) of 16.8 per 100,000 (2). In absolute
terms, Asia contributes the largest share of cases
and deaths; however, a function of population size,
age-standardized rates reveal a different hierarchy.
North America records the highest ASR (31.9 per
100,000), followed by Europe (28.8), Asia (25.2),
and Oceania (23.4 per 100,000), with ASRs in
Latin America (12.1) and Africa (6.3 per 100,000)
being substantially lower (2). Europe records the
highest ASMR globally at 21.4 per 100,000, ex-
ceeding Asia (17.9) and North America (17.2 per
100,000) (2). Low reported rates in Sub-Saharan
Africa reflect under-ascertainment due to limited
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diagnostic and registration capacity as much as
a genuinely lower burden (9, 13). Stratification
by Human Development Index (HDI) reveals a
strong positive association between socioeconom-
ic development and both incidence and mortali-
ty: ASRs reach 30.4 per 100,000 in high-HDI and
28.7 per 100,000 in very high-HDI countries, com-
pared with 7.8 and 3.6 per 100,000 in medium-
and low-HDI settings, respectively (2). Regional
and HDI-stratified ASRs and ASMRs are summa-
rized in Table 1.

This gradient reflects the cumulative timing of
tobacco epidemics and greater diagnostic ascer-
tainment in high-income settings rather than in-
trinsic biological predisposition (9, 14). Temporal

Table 1. Age-standardized Incidence Rates (ASRs) and
Age-standardized Mortality Rates (ASMRs) of Lung Cancer
by Region and Human Development Index (HDI), Global
Cancer Observatory 2022

Festan ASR ASMR
(per 100,000)  (per 100,000)

Worldwide 23.6 16.8
Africa 6.3 5.8

Asia 25.2 17.9
Europe 28.8 21.4
Northern America 31.9 17.2
Latin America & Caribbean  12.1 10.3
Oceana 234 16.0
Very High HDI 28.7 19.2
High HDI 30.4 21.2
Medium HDI 7.8 7.1

Low HDI 3.6 33

ASR: Age-standardized incidence rate per 100,000 population, standardized
to the world standard population; ASMR: Age-standardized mortality rate
per 100,000 population, standardized to the world standard population.
Data obtained from the Global Cancer Observatory (GLOBOCAN) 2022, Inter-
national Agency for Research on Cancer (IARC); Africa: Northern Africa, Mid-
dle Africa, Western Africa, Southern Africa, Eastern Africa; Asia: South Central
Asia, Western Asia, South-Eastern Asia, Eastern Asia; Europe: Southern Eu-
rope, Western Europe, Eastern Europe, Northern Europe; Northern America:
Canada, United States of America, Bermuda, Greenland, Saint Pierre and
Miquelon; Latin America & Caribbean=South America, Caribbean, Central
America; Oceana: Australia, New Zealand, Melanesia, Polynesia, Micronesia;
HDI=Human Development Index. HDI categories are based on the United
Nations Development Programme (UNDP) classification system; Very high-
HDI settings predominantly include countries in North America, Western Eu-
rope, and high-income Asia-Pacific regions; high-HDI settings include parts
of Eastern Europe, Latin America, and the Middle East; medium- and low-HDI
settings include many countries in South Asia and Sub-Saharan Africa.

patterns in the global distribution of lung cancer
incidence are illustrated in Figure 1, which pres-
ents ASRs for both sexes in 1990 and 2023 based
on GBD estimates (1). Consistent with the HDI
gradient described above, higher incidence rates
are concentrated in North America, Europe, and
parts of East Asia. In comparison, substantial-
ly lower rates are observed across Sub-Saharan
Africa. Over time, the overall geographic pattern
remains broadly stable, though modest shifts are
evident, reflecting evolving exposure to tobacco
and other environmental risk factors and improve-
ments in diagnostic capacity (9, 14). These find-
ings reinforce the persistence of marked global
inequalities in lung cancer burden.

Regional Patterns by HDI Tier
Europe

In Europe, lung cancer is the third most com-
monly diagnosed malignancy and the lead-
ing cause of cancer death in men, and second in
women (2). Eastern Europe reports an ASR of
27.6 per 100,000, and Southern Europe approxi-
mately 27.7 per 100,000, with countries such as
Bosnia and Herzegovina, Serbia, Romania, and
Bulgaria contributing substantially to this ele-
vated regional burden (2). Lung cancer mortality
trends are considerably less favorable in Central,
Eastern, and Southern European countries than in
Western counterparts, attributable to a later stage
of the tobacco epidemic, persistently high current
smoking prevalence, slower implementation of to-
bacco control measures, and more limited access
to targeted therapies (15, 16). Between 2000 and
2017, lung cancer mortality actually increased in
Bulgaria, Portugal, and Romania (17, 18). Five-
year relative survival for NSCLC in Europe aver-
ages approximately 13-15%, ranging from 10% in
Lithuania to 20% in Switzerland (19, 20). These
survival disparities across European countries are
distinct by differences in stage distribution at di-
agnosis, reflecting inequities in access to early de-
tection pathways, molecular testing infrastructure,
and guideline-concordant treatment (20, 21).
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Age-standardized incidence rates (per 100,000) for tracheal, bronchus, and lung cancer, both sexes. Source: Global Burden of Disease (GBD) 2023, Institute for

Health Metrics and Evaluation (GBD Compare tool) (1).

Figure 1. Global distribution of age-standardized lung cancer incidence rates, 1990 and 2023.

North America and High HDI Asia-Pacific

In the United States (US), lung cancer accounts for
approximately 22% of all cancer deaths annually,
with male incidence and mortality declining since
the early 1990s following sustained tobacco con-
trol; female rates are also now declining, though
later and more gradually (22, 23). Notably, lung
cancer incidence rates in women now exceed those

in men in certain younger US birth cohorts born
after 1960, a pattern not entirely explained by to-
bacco exposure trends (11). Japan and the Republic
of Korea have high lung cancer rates broadly com-
parable to Western Europe; mortality has been de-
clining in both countries, partly attributed to the
comparatively high prevalence of EGFR-mutant
NSCLC in East Asian populations and the corre-
sponding response to targeted therapy (24).
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Middle East and North Africa Region

In the Middle East and North Africa (MENA)
region, lung cancer represents an increasingly sig-
nificant public health burden, although one charac-
terized by far greater epidemiological heterogeneity
than that observed across Europe (1, 25). In 2023,
ASRs across the region span from 6.59 per 100,000
in Afghanistan to 34.85 per 100,000 in Tunisia,
while ASMRs range from 7.18 to 33.39 per 100,000;
a nearly six-fold disparity reflecting profound dif-
ferences in tobacco exposure, demographic struc-
ture, and healthcare capacity across twenty-one
countries (1, 25). Underpinning these figures is
one of the most challenging tobacco landscapes
globally. Smoking prevalence among males varies
enormously across the region, from under 15% in
Oman to nearly 47% in Jordan, while female smok-
ing rates, though generally lower, reach as high as
34% in Lebanon against near-zero prevalence in
Oman and Egypt, illustrating the profound cultur-
al and policy-driven heterogeneity in tobacco ex-
posure between and within countries (25).

Country-level trends reveal three distinct ep-
idemiological patterns. A subset of nations, in-
cluding Syria, Jordan, Palestine, Morocco, Algeria,
Libya, and Sudan, have maintained relatively stable
ASRs and ASMRs throughout the period from
1990 to 2023, suggesting neither meaningful prog-
ress nor acute deterioration (1). A second, more
alarming group has recorded substantial increas-
es in both incidence and mortality over the same
period. Egypt exemplifies this trajectory, with ASRs
rising more than threefold from 5.76 to 18.00 and
ASMRs increasing in near-parallel from 5.75 to
18.17 (1). Lebanon presents the most pronounced
escalation in the region, with ASRs surging from
11.80 to 30.71 and ASMRs rising commensurately
from 12.06 to 28.63 per 100,000; a near-tripling of
both metrics over three decades (1). Tunisia, con-
versely, reflects a chronically elevated rather than
acutely worsening burden, with ASRs persisting at
approximately 30-35 per 100,000 since 1990, con-
sistent with a longstanding and deeply entrenched
tobacco epidemic (1, 25).

In contrast, the Gulf Cooperation Council
(GCC) states represent the most encouraging

trajectory not only within MENA but arguably
comparable to the strongest gains observed in
Western Europe. Qatar and Kuwait recorded reduc-
tions in ASRs of approximately 50%, from around
18 per 100,000 in 1990 to 8-9 per 100,000 in 2023,
with ASMRs declining in parallel from 18-19 to
7-9 per 100,000 (1). The United Arab Emirates
achieved even more substantial reductions, with
ASRs falling from 33.61 to 12.15 and ASMRs de-
clining from 34.77 to 13.26, a reduction exceeding
60% in both measures (1). These gains likely reflect
the convergence of progressive tobacco control leg-
islation, shifting population demographics, and
sustained investment in public health infrastruc-
ture across GCC health systems (26, 27).

Emerging Economies and Low- and
Middle-Income Countries (LMICs)

China bears the largest absolute lung cancer
burden of any single country, with approximately
815,000 new cases in 2020, primarily driven by to-
bacco in men and by household biomass fuel com-
bustion and outdoor air pollution in non-smoking
women, a population with a high prevalence of
EGFR mutations and adenocarcinoma histology
(2,28). India presents a characteristic profile, with
a higher proportion of squamous cell carcinoma
than in economically developed countries, partly
attributable to widespread bidi smoking, and with
lung cancer incidence rising in northeastern and
urban regions (29, 30). In Latin America, lung
cancer is the leading cause of cancer mortality,
with incidence rates closely correlated with HDI
and tobacco prevalence by country (31, 32). In
low-HDI settings, low reported rates should be in-
terpreted with caution, as limited diagnostic and
registration infrastructure systematically underes-
timates true burden (2).

Sex-Specific Temporal Trends

The GBD 2023 estimates document that global
male ASR of lung cancer declined from 46.9 per
100,000 in 1990 to 35.9 per 100,000 in 2023, a
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reduction of approximately 23%,
while female rates changed mini-
mally over the same period (14.9
to 15.9 per 100,000; Figure 2A)
(1). In Europe, the divergence
is more pronounced, with male
ASR falling from 74.3 to 47.0 per
100,000 (a decline of more than
36%), while female ASR rose
from 12.4 to 17.8 per 100,000
(Figure 2B) (1). The United
Kingdom (UK), the Netherlands,
and Denmark, where female to-
bacco use peaked earlier, are
exceptions, with female rates
plateauing or declining (1, 33).
The increase in female inci-
dence across most of Central
and Eastern Europe is a direct
epidemiological ~ consequence
of sustained high female tobac-
co prevalence combined with
the two-to-four-decade biolog-
ical latency from peak smoking
to peak cancer incidence (34).
Overall adult smoking preva-
lence in Eastern Europe reaches
approximately 28%, the highest
of any European sub-region, and
female-specific rates exceed 15%
across all surveyed countries
in the region (35). Moreover,
female smoking prevalence in
Eastern Europe is declining at
a considerably slower rate than
male prevalence, especially since
tobacco control measures remain
disproportionately concentrat-
ed among men (36). The conse-
quences of this structural gap are
now unambiguously confirmed:
the WHO European Region
achieved only a 12% reduction
in female tobacco use prevalence
between 2010 and 2025, against
a global target of 30%, making it
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Source: Global Burden of Disease (GBD) 2023, Institute for Health Metrics and Evaluation (1).

Figure 2. Temporal trends in age-standardized incidence and mortality rates;
Figure 2A. Global age-standardized lung cancer incidence rates (per 100,000
population) by sex (male and female), 1990-2023; Figure 2B. European age-
standardized lung cancer incidence rates (per 100,000 population) by sex (male
and female), 1990-2023; Figure 2C. Age-standardized lung cancer mortality
rates (per 100,000 population) globally and in Europe, 1980-2023.
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the only WHO region worldwide to have missed
this benchmark among women, with over 62 mil-
lion adult female smokers — representing more
than 40% of the global female smoking burden —
residing within the region (37).

Histological Subtype Distribution

Squamous cell carcinoma was historically the pre-
dominant NSCLC subtype, particularly in men,
owing to its strong etiological link with central-air-
way tobacco carcinogenesis (5, 12). Since the 1990s,
adenocarcinoma has overtaken squamous cell car-
cinoma to become the most common NSCLC
subtype in most high-income regions, account-
ing for approximately 40% of NSCLC globally,
compared with 25% for squamous cell carcinoma
(5). Adenocarcinoma is particularly prevalent in
women (27-54% of cases across populations), nev-
er-smokers (53-70%), and this shift has extended
more recently to LMICs (3, 5). Temporal analyses
have documented parallel declines in squamous
cell carcinoma and SCLC incidence in high-in-
come countries, tracking reductions in smok-
ing (10-12). The prevalence of adenocarcinoma
in NSCLC has direct implications for molecular
testing: it is the subtype most likely to harbor tar-
getable driver mutations. These include EGFR al-
terations (exon 19 deletions, L858R substitutions,
exon 20 insertions), ALK rearrangements, KRAS
G12C mutations, ROS1, RET, and NTRKI1-3 fu-
sions, BRAF V600E mutations, ERBB2 mutations,
and MET exon 14 skipping mutations ((38-43).

Mortality Trends and Premature Burden
Global and European Temporal Trends

Global age-standardized lung cancer mortality
rates rose from approximately 25.6 per 100,000 in
1980 to a peak of approximately 27.8 per 100,000
in the early 1990s before declining progressively

to approximately 22.2 per 100,000 by 2023 (1). In
Europe, rates peaked at approximately 36.0 per
100,000 in the early 1990s, then declined to ap-
proximately 26.3 per 100,000 by 2023, remaining
consistently above the global average throughout
(1). Temporal trends in lung cancer ASMRs glob-
ally and in Europe are illustrated in Figure 2C. The
inflection point in the early 1990s indicates the
population-wide effects of tobacco control efforts
that began in the 1960s and 1980s, resulting in re-
ductions in cancer mortality after a lag of two to
four decades (22).

Intra-European mortality trends diverge sub-
stantially by subregion. Lung cancer mortality
is declining in men throughout Europe, but the
rate of decline is considerably slower in Central,
Eastern, and Southern European countries than in
Western counterparts (15, 20). Among European
women, overall mortality stopped increasing in
2023, though this aggregate stabilization masks on-
going increases in Central and Eastern European
countries (21). Reductions in population-level
mortality in the US since 2013 have been partial-
ly ascribed to the adoption of targeted therapies
for EGFR-mutant and ALK-rearranged NSCLC,
alongside the effects of tobacco control. A con-
tributory role of treatment in reducing mortality
is also likely to become evident in European reg-
istry data with further analysis (44). Years of life
lost (YLL) rates, which weight deaths at younger
ages more heavily, provide an important comple-
ment to mortality rates (23). Globally, age-stan-
dardized YLL rates due to lung cancer peaked at
approximately 690 per 100,000 in the early 1990s
and declined to approximately 500 per 100,000 by
2023 (Figure 3) (1). In Europe, YLL rates were sig-
nificantly higher throughout, peaking at around
940 per 100,000 and decreasing to roughly 610 per
100,000 by 2023, consistently surpassing the global
average, suggesting that a disproportionate share
of European lung cancer deaths occurs below the
expected life expectancy (1).
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Percentage of total years of life lost (YLL) attributable to lung cancer, all ages, globally and in Europe, shown from 1990 to 2023. Source: Global Burden of
Disease (GBD) 2023, Institute for Health Metrics and Evaluation (GBD Compare tool) (1).

Figure 3. Globally age-standardized years of life lost (YLL) rates due to lung cancer, 1990-2023.

Survival Trends in Lung Cancer

Population-Level Survival and the Stage
Problem

Five-year relative survival for lung cancer remains
substantially lower than for most other common
solid tumors. Systematic review of registry data
finds that five-year relative survival rarely exceeds
one-third across settings, with most countries

reporting estimates below 25% (22). In the US,
overall five-year survival has improved gradually
to approximately 25-29% for patients diagnosed
between 2015 and 2021, a gain attributable to both
earlier-stage diagnosis through LDCT screening
and to survival improvements with targeted ther-
apy and immunotherapy in advanced disease (45,
46). The fundamental determinant of population
survival remains at the stage of diagnosis: patients
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identified at stage IA have a five-year survival ex-
ceeding 75%, while survival falls below 5% at stage
IV (47). Given that approximately 70% of cases
continue to be diagnosed at stage III or IV, ob-
served overall survival rates are a direct arithmetic
consequence of this stage distribution rather than
any inherent therapeutic ceiling (5, 6).

Across Europe, five-year relative survival for
lung cancer averages around 13-15%, with no-
table variation between countries, ranging from
10% in Lithuania to 20% in Switzerland (20). In
comparison, data from Bosnia and Herzegovina
show similar outcomes: a recent study reported a
median overall survival of 19 months in complete
responders, while patients with progressive disease
and those receiving no treatment had substantially
worse outcomes, with median survival of 6 months
and 1 month, respectively (48). International pop-
ulation-level analyses have identified stage at
diagnosis as a partial but important mediator of na-
tional survival differences, with countries achiev-
ing earlier stage distributions, through screening
and diagnostic pathway investment, demonstrat-
ing comparatively better outcomes (28).

Screening and Stage Migration

From a survival perspective, stage migration, the
shift in the proportion of cases detected at stage
I-IT versus stage III-IV, is the primary driver
of mortality benefit. NELSON trial data con-
firmed that LDCT screening in high-risk pop-
ulations produced a significant shift toward an
earlier-stage distribution, with approximately half
of screen-detected cancers found at stage I, com-
pared with approximately a quarter in the control
arm (18). Patients diagnosed at stage IA achieve
five-year survival exceeding 75%, compared with
below 30% at stage IIIA and below 5% at stage IV
(47). Despite the demonstrated benefits of LDCT
screening programs in promoting earlier-stage de-
tection rates and improving survival, its impact on
a population level remains limited by low uptake
among individuals. In the US, the uptake of lung
cancer screening programs in 2024 was 24.5%,
even though it doubled from a rate of 12.8% in

2018; it remains substantially lower than rates of
other well-established screening programs, in-
cluding colorectal (67.4%), cervical (75.4%), and
breast cancer screening (80.0%) (49, 50).

Impact of Targeted Therapy and
Immunotherapy on Survival

Targeted therapy has produced transformative
survival gains for molecularly defined NSCLC
subgroups. In EGFR-mutant disease, more prev-
alent in East Asian populations (38-50%) than
in European or North American populations
(~14%), Osimertinib, a third-generation EGFR ty-
rosine kinase inhibitor, achieved a median overall
survival of 38.6 versus 31.8 months compared with
earlier-generation agents in the FLAURA RCT
(HR 0.80, 95% CI 0.64-1.00) (38). ALK inhibi-
tors, such as alectinib and lorlatinib, have demon-
strated five-year progression-free survival rates in
ALK-rearranged NSCLC that were previously un-
attainable with current treatments. KRAS G12C
mutations, found in about 13% of NSCLC cases,
mainly in tobacco-exposed adenocarcinoma pa-
tients, are now targetable with drugs such as so-
torasib and adagrasib (39). MET exon 14 skipping
mutations (3-4% of NSCLC) respond to capma-
tinib and tepotinib (39). Furthermore, in RET fu-
sion-positive NSCLC, selpercatinib and pralsetinib
have demonstrated substantial survival benefit,
with median progression-free survival reaching
approximately 22-25 months for selpercatinib and
around 12.6 months for pralsetinib (40). Another
trial analysis reported that NTRK-positive NSCLC
may benefit from larotrectinib, with a median pro-
gression-free survival of approximately 35 months
and an overall survival exceeding 40 months (41).
In HER2-mutant NSCLC, trastuzumab deruxte-
can showed significant benefit in the DESTINY-
Lung01 trial, with median PFS of 8 months and
OS of 17.8 months (42).

Collectively, these targeted agents represent
the biological basis for the treatment-attribut-
able component of population-level mortality im-
provement in the US between 2013 and 2019 (44).
For patients without targetable driver mutations,
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the KEYNOTE-189 phase III trial established that
pembrolizumab combined with platinum-peme-
trexed chemotherapy in non-squamous NSCLC
produces significantly improved five-year overall
survival (19.4% vs. 11.3%) compared with chemo-
therapy alone (24, 51). These immunotherapy-
based regimens are now standard first-line care
for this population in settings with appropriate
access. The survival benefits of molecular target-
ed therapy and immunotherapy have not been eq-
uitably distributed. Real-world analyses document
persistent disparities in molecular testing rates
across racial, ethnic, and socioeconomic groups,
with direct downstream consequences for access
to targeted agents (52). Fewer than half of patients
globally receive the molecular testing required for
treatment selection (53). This inequity in testing
is the primary reason, as biological advances fail
to translate into population-level improvements in
survival outside high-income settings.

Survival by Histological Subtype and Racial
Equity

SCLC carries the worst prognosis among major
lung cancer subtypes, with overall five-year sur-
vival rates remaining below 7% across popula-
tions, reflecting aggressive biology, near-universal
presentation at advanced stage, and limited ther-
apeutic progress (4, 5, 54). Within NSCLC, ade-
nocarcinoma demonstrates better stage-specific
survival than squamous cell carcinoma, 79% versus
47% at stage I and 27% versus 13% at stage III in
large multi-institutional series, partially reflect-
ing the higher prevalence of molecularly targeta-
ble mutations in adenocarcinoma (55, 56). SEER
data (2015-2021) document clear racial and
ethnic disparities in five-year lung cancer surviv-
al: Non-Hispanic Asian/Pacific Islander patients
achieve approximately 34-35%, while Non-
Hispanic American Indian/Alaska Native patients
achieve approximately 22-23%, a gap of 11-12
percentage points (57). Non-Hispanic Black pa-
tients (approximately 25-26%) remain consis-
tently below the overall average of approximately
28% (57). Similar inequities are also observed in

Europe, where rates vary substantially across re-
gions, ranging from below 10% in Eastern Europe
to over 15% in Western and Northern European
countries (58). These disparities stem from vary-
ing rates of late-stage diagnosis, unequal access to
molecular testing and guideline-based treatment,
a higher burden of comorbidities, and the cu-
mulative impact of socioeconomic disadvantages
throughout the care process continuum (59).

Risk Factors Across the Globe
Tobacco Smoking

Tobacco smoking is the dominant cause of lung
cancer, increasing risk by 10 to 30-fold in a dose-de-
pendent relationship with cumulative exposure (60,
61). Cigar, pipe, and bidi smoking also confer ele-
vated risk, with bidi particularly relevant in South
Asia (16, 62). Globally, smoking prevalence de-
clined from 32.7% in 2000 to 20.9% in 2022, reflect-
ing the cumulative effect of taxation, smoke-free
legislation, advertising restrictions, and cessation
support programs under the WHO Framework
Convention on Tobacco Control (FCTC), adopt-
ed in 2003 (61, 63). Global smoking rates have de-
creased by approximately 27% since 1990, though
these declines have occurred predominantly in ec-
onomically developed countries; rates in numerous
LMICs have seen little reduction (46).

Region-specific population attributable frac-
tions (PAFs) for tobacco and other risk factors, de-
rived from the GBD 2023 study, are summarized in
Table 2 (1). Tobacco PAFs reach 67.1% in Eastern
Europe and 65.1% in Central Europe, highlighting
that tobacco control is the single most impactful
lever for lung cancer prevention in these regions.
Europe presents a specific policy challenge: tobac-
co smoking prevalence reached 25.3% in 2022,
with female prevalence at 18.5%, among the high-
est for women globally, and has had the slowest de-
cline rates in any WHO region over the past decade
(63). Only eight of 27 European Union countries
have achieved fully smoke-free public environ-
ments, and cigarettes have become more affordable
in 14 European countries since 2014 (16).
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Table 2. Population Attributable Fractions (PAF%) for Common Risk Factors for Different Regions in 2023

Occupational Household air

(PAF%) (PAF%)
Global 58.25 14.18 14.32 297 4.09
Central Asia 60.34 15.96 11.17 235 7.34
Central Europe 65.11 10.71 1243 0.62 5.62
Eastern Europe 67.08 7.12 9.85 0.19 6.80
High-income Asia Pacific 49.52 9.39 21.48 0.04 2.39
Latin America and the Caribbean 44.93 10.23 12.10 1.41 4.17
North Africa and the Middle East 60.78 19.83 12.79 1.14 3.70
South Asia 4145 16.60 9.54 15.72 4.27
Southeast Asia, East Asia, and Oceania  62.93 20.25 9.24 3.03 3.42
Southern Latin America 51.65 11.83 16.86 0.12 2.85
Sub-Saharan Africa 30.47 9.58 9.75 20.67 433
Western Europe 58.22 548 29.31 0.05 591

Regions are defined according to the Institute
for Health Metrics and Evaluation Global Burden
of Disease (IHME GBD) classifications. Central
Asia: Armenia, Azerbaijan, Georgia, Kazakhstan,
Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan,
Uzbekistan; Central Europe: Albania, Bosnia and
Herzegovina, Bulgaria, Croatia, Czechia, Hungary,
Montenegro, North Macedonia, Poland, Romania,
Serbia, Slovakia, and Slovenia; Eastern Europe:
Belarus, Estonia, Latvia, Lithuania, Moldova,
Russia, Ukraine; High-income Asia Pacific: Brunei,
Japan, Singapore, South Korea; Latin America and
the Caribbean: Brazil, Mexico, Colombia, Peru,
Chile, Argentina, Cuba, Dominican Republic,
Jamaica, and others; North Africa and the Middle
East: Algeria, Bahrain, Egypt, Iran, Irag, Jordan,
Kuwait, Lebanon, Libya, Morocco, Oman,
Palestine, Qatar, Saudi Arabia, Syria, Tunisia,
Turkey, United Arab Emirates, Yemen; South Asia:
Afghanistan, Bangladesh, Bhutan, India, Nepal,
Pakistan. Southeast Asia, East Asia, and Oceania;
Southeast Asia: Cambodia, Indonesia, Laos,
Malaysia, Maldives, Myanmar, Philippines, Sri
Lanka, Thailand, Timor-Leste, Vietnam; East Asia:
China, North Korea, Taiwan; Oceania: Fiji, Papua
New Guinea, Solomon Islands, Vanuatu, and other
Pacific island nations; Southern Latin America:
Argentina, Chile, Uruguay; Sub-Saharan Africa:

All African countries south of the Sahara (e.g.,
Nigeria, South Africa, Kenya, Ethiopia, Tanzania,
Ghana, Uganda); Western Europe: Andorra,
Austria, Belgium, Cyprus, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy,
Luxembourg, Malta, Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland, United
Kingdom; PAF=Population attributable fractions.

Second-hand smoke exposure confers an esti-
mated 20-30% increase in lung cancer risk, pro-
portional to the degree of exposure (64, 65).
Mortality attributable to second-hand smoke con-
tinues to rise in parts of southern Asia and Latin
America, a direct consequence of inadequate en-
forcement of smoke-free policies (66).

Environmental and Occupational Carcinogens

The International Agency for Research on Cancer
(IARC) has classified ambient particulate matter
(PM2.5), household biomass fuel combustion, as-
bestos, diesel exhaust, crystalline silica, radon, ar-
senic, and several other occupational agents as
Group 1 lung carcinogens (11). Ambient PM2.5
was responsible for approximately 374,210 lung
cancer deaths globally in 2021, approximately
18.7% of all lung cancer deaths that year (67). GBD
2023 PAF estimates for ambient PM2.5 range from
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5-10% in Western Europe and North America
to approximately 16-20% in Southeast Asia, East
Asia, and Oceania (Table 2) (1).

Household air pollution from biomass fuel
combustion, affecting approximately 2.1 billion
people globally, predominantly in LMICs, has a
PAF of 20.7% in Sub-Saharan Africa and 15.7% in

South Asia, making it the second largest attribut-
able risk factor in these regions (Table 2; Figure 4)
(1, 68). The excess risk is higher in women than in
men owing to greater cumulative domestic expo-
sure (38, 56, 69).

Residential radon exposure is an important and
modifiable risk factor in high-income countries

Household air pollution from solid fuels
Females, All ages, 1990, Percent of total YLDs

0.5% 1.0% 1.5%

2.0%

2.5%

Household air pollution from solid fuels
Females, All ages, 2023, Percent of total YLDs

Percentage of total years lived with disability (YLDs) attributable to household air pollution from solid fuels, females, all ages, shown for 1990 and 2023. Source:
Global Burden of Disease (GBD) 2023, Institute for Health Metrics and Evaluation (GBD Compare tool) (1).

Figure 4. Global distribution of burden attributable to household air pollution from solid fuels, 1990 and 2023.
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with older housing stock. A meta-analysis of 39
case-control studies reported a relative risk of 1.38
(95% CI 1.19-1.60) for lung cancer associated with
elevated residential radon (70). In Eastern Europe,
the GBD 2023 radon PAF is estimated at 6.8%, the
second-largest attributable factor in that region,
after tobacco (Table 2) (1). A separate meta-anal-
ysis of 24 studies estimated an adjusted excess rel-
ative risk of 0.15 per 100 Bg-m~ specifically in
never-smokers (30). Occupational carcinogens
carry particular weight in Western European set-
tings: the GBD 2023 PAF for occupational carcin-
ogens in Western Europe is 29.3%, nearly double
the global average of 14.3% and the highest re-
gional estimate in Table 2, reflecting the legacy
of mid-20th century asbestos, diesel exhaust, and
crystalline silica exposure (1, 71, 72). Arsenic con-
tamination of drinking water is a further Group
1 lung carcinogen relevant to specific geographic
settings, addressable through source substitution
and point-of-use removal systems (52, 73, 74).

Emerging Exposures

The lung cancer risk from e-cigarettes cannot
yet be confidently quantified due to their recent
market entry and the long latency of lung cancer,
which takes two to four decades from the 2010s.
Available evidence pertains to short-term pul-
monary effects, including oxidative stress, airway
inflammation, and E-cigarette or Vaping Use-
Associated Lung Injury (EVALI). It documents the
presence of known carcinogens, such as polycy-
clic aromatic hydrocarbons, in e-cigarette product
aerosol (75). The absence of long-term carcino-
genicity data reflects methodological constraint
rather than evidence of safety. Given the scale of
adolescent uptake in high-income countries, this
question will carry substantial public health con-
sequences when the relevant cohorts reach middle
age (76). For cannabis, a meta-analysis of eight ob-
servational studies found no statistically significant
association with lung cancer risk. However, the
available studies are characterized by inadequate
adjustment for confounders and small sample sizes
(31). A specific clinical phenotype, younger dual

cannabis and tobacco users presenting with atyp-
ical histological subtypes, has been described but
requires further characterization (32).

Genetic Susceptibility

Family history of lung cancer confers a 1.51-fold
increased risk after adjustment for smoking and
other confounders (77). Twin studies estimate
heritability at approximately 18% (78). Genome-
wide association studies (GWAS) have identified
18 or more susceptibility loci collectively account-
ing for approximately 12% of the added familial
relative risk; polygenic risk scores incorporating
these loci show promise in improving risk strati-
fication for screening eligibility (79-81). The mo-
lecular landscape of NSCLC varies substantially by
population. EGFR mutations are more prevalent
in East Asia (38-50% of NSCLC) than in Europe
(~14%) or the Americas (~24%), and are enriched
in adenocarcinoma, women, and never-smok-
ers (82, 83). ALK rearrangements (approximately
4-5% overall) and other driver alterations asso-
ciated with non-smoker status, including ROSI
fusions and ERBB2 mutations, are enriched in
similar populations (33). KRAS mutations, present
in approximately 27% of NSCLC cases globally, are
predominantly found in tobacco-exposed adeno-
carcinoma patients and vary geographically (ap-
proximately 25% in the USA vs. 8% in China) (84,
85). These population differences in mutation fre-
quency have direct implications for the design of
molecular testing pathways and for estimating the
population-level benefit of targeted agents across
different healthcare settings.

Other established independent risk factors
include chronic obstructive pulmonary disease
(COPD), which confers approximately a sixfold
increased risk independent of smoking history,
and HIV infection, which increases lung cancer
risk two to fivefold through immunosuppression
and direct viral mechanisms independent of to-
bacco (86-90). Dietary factors can also influence
the risk of lung cancer. For instance, red and pro-
cessed meat consumption increases the risk, while
fruit and vegetable intake is inversely associated
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(91, 92). Furthermore, RCTs have established that
B-carotene supplementation paradoxically in-
creases lung cancer risk among smokers (93, 94).

Strengthening Multi-Level Prevention of
Lung Cancer

Primary Prevention

Tobacco control is the highest-yield primary pre-
vention intervention for lung cancer at the popu-
lation level. The WHO FCTC, adopted in 2003 and
ratified by 182 countries as of 2021, provides the in-
ternational framework for evidence-based tobacco
control through taxation, smoke-free legislation,
advertising bans, and mandatory health warnings
(61). As of 2025, approximately one-third of re-
porting countries had improved implementation
of plain packaging and pictorial warnings (62).
However, implementation gaps remain substan-
tial, particularly in Europe, where cigarettes have
become more affordable in 14 European coun-
tries since 2014 (16). Only eight of 27 EU member
states have fully smoke-free public environments,
and the European region has the slowest rate of to-
bacco decline among WHO regions (16).
School-based and community-level inter-
ventions complement population-level policy.
The ASSIST trial, a peer-led school-based smok-
ing prevention program in the UK, demonstrat-
ed significant reductions in adolescent smoking
sustained at two-year follow-up (95). Cessation
programs that incorporate counseling, behavior-
al therapy, and pharmacotherapy extend these
benefits to adult populations (96, 97). Consistent
with the 2019 ACC/AHA Primary Prevention
Guidelines, physicians, particularly those in pri-
mary care, should routinely identify tobacco users
and assist in cessation by providing brief cessation
counseling, prescribing pharmacotherapy when
appropriate, and reinforcing smoking abstinence
through repeated follow-up (98). Population-level
campaigns such as the CDC’s “Tips From Former
Smokers” program and occupational health inter-
ventions targeting indoor air quality have dem-
onstrated measurable reductions in carcinogen
exposure at scale (64, 99). A network meta-analysis

of more than 400 studies, 200 of which were meta-
analyses, showed a significant reduction in tobac-
co use, evidenced by increased quitting ratio and
decreased smoking prevalence and cigarette sales,
in countries where campaigns were paired with
health warnings, taxation, and flavor bans (100).
Although most included studies were from high-
income countries, such as the US, UK, Australia,
and New Zealand, similar trends, albeit with less
pronounced effects, were observed in LMICs
(100). Beyond tobacco, primary prevention must
address the full range of modifiable carcino-
gen exposures (69). A meta-analysis of 15 stud-
ies from LMICs showed the greatest reductions in
household air pollution, with reductions in kitch-
en PM levels, followed by personal PM exposure
and carbon monoxide (CO) levels, after inter-
ventions such as improving cookstoves or health
education campaigns that promote outdoor cook-
ing (101). However, using a plancha instead of an
open fire did not result in a difference in personal
PM or CO levels (SMD 1.0). Indoor radon testing
and mitigation, particularly in high-radon geolog-
ical zones across Northern and Eastern Europe,
where the GBD 2023 radon PAF reaches 6.8% in
Eastern Europe, represents an underutilized pre-
vention opportunity (1). Enforcement of occu-
pational carcinogen regulations, including diesel
exhaust emission controls and asbestos abatement
in legacy materials, addresses the 29.3% Western
European occupational PAF (1).

Secondary Prevention

Secondary prevention in lung cancer focuses on
early diagnosis and timely treatment, as outcomes
are strongly stage-dependent, with higher surviv-
al rates when the disease is detected at an early, lo-
calized stage. Low-dose computed tomography
(LDCT) screening enables the detection of asymp-
tomatic, early-stage tumors and reduces morbidity
and mortality. Hence, many countries have moved
toward implementing national LDCT screening
programs. In 2020, Croatia became the first coun-
try in the European region to fully implement
a nationwide CT-based lung cancer screening
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program. Within five years, over 50,000 individ-
uals were screened, with 4.5% yielding positive
findings (102). Since then, several other countries
in the region have followed, initiating national
screening programs either at full scale or through
pilot implementation (Table 3).

A meta-analysis of nine RCTs found a signif-
icant reduction in lung cancer mortality with
LDCT compared with no screening (RR 0.87,
95% CI 0.78-0.98) and significantly higher early
tumor detection compared with chest radiog-
raphy (RR 2.84, 95% CI 1.76-4.58) (112). The
National Lung Screening Trial (NLST) and Dutch-
Belgian Randomized Lung Cancer Screening
Trial (NELSON) trials provide the most defini-
tive evidence. Their findings form the basis for
current screening guidelines in the USA (2021
U.S. Preventive Services Task Force: ages 50-80,
>20 pack-years, current or quit <15 years) and
in Europe, where the EU issued a position state-
ment in 2017 recommending that member states
establish implementation timelines (18, 75). Table

4 summarizes the characteristics and outcomes
of the major RCTs evaluating LDCT-based lung
cancer screening.

Despite this evidence base, major implemen-
tation barriers persist. False-positive rates exceed
90% in some settings, with attendant psycholog-
ical burden and the risk of unnecessary invasive
procedures (113). Cumulative radiation expo-
sure from repeated low-dose scans warrants con-
sideration. In LMICs, higher rates of pulmonary
tuberculosis and other granulomatous infections
inflate false-positive rates; the first Brazilian lung
cancer screening trial (BRELT1) recorded a posi-
tive screen rate of 40% compared with 26% in the
NLST (114). Cost-effectiveness varies widely, with
incremental cost-effectiveness ratios ranging from
approximately $8,376 per QALY in broad-eligibil-
ity analyses to $200,921 per QALY in cohorts re-
stricted to 230 pack-years; nevertheless, 90.3% of
31 cost-effectiveness studies included in a meta-
analysis met national thresholds in their respec-
tive countries (115-117).

Table 3. National Lung Cancer Screening Programs and Guidelines by Country

Country Year Recommendation  Age Eligibility Criteria (beyond age) Reference
& Interval Range
Croatia 2020 LDCT screening; 50-75 >30 pack-years; current smokers or  Croatian Ministry of Health (103)
annual quit <15 years
Czech 2022 LDCT screening; 55-74 >20 pack-years; current or former Lung Cancer Policy Network (104,
Republic annual smokers 105)
Poland 2020 LDCT screening; 50-74 >20 pack-years; includes additional ~ Ministry of Health, Republic of
annual risk factors (e.g., COPD, occupational  Poland (106)
exposure) for ages 50-54
Hungary 2023 LDCT screening; 50-75 >20 pack-years; current/former HUNCHEST pilot program (107)
(Pilot) annual smokers
Italy 2021 LDCT screening; 55-74 >30 pack-years; current or quit <15 Rete Italiana Screening Polmonare
(Pilot) annual years (RISP) Pilot; European Country
Cancer Profile: Italy 2025 (108)
Spain 2022 LDCT screening; 50-75 >20 pack-years; current or quit <15 (Cancer Screening, Smoking
(Pilot) annual years Cessation, AND Respiratory
Assessment) CASSANDRA trial
protocol (109)
Germany Approved LDCT screening; 50-75 >25 pack-years; current or quit <10 ~ German Federal Joint Committee
2024, annual years (G-BA) (110)
launched
2026
United 2021 LDCT screening; 50-80 >20 pack-years; current smoker or United States Preventive Services
States annual quit <15 years Task Force (111)

LDCT=Low-dose computed tomography.
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Risk-stratified approaches using validated pre-
diction models, the PLCOm2012 model (six-year
absolute risk horizon) and the Liverpool Lung
Project model version 2 (LLPv2, five-year hori-
zon) have demonstrated superior detection rates
compared with conventional smoking-history-
based criteria. They are now embedded in the UK
screening program (52, 118). Artificial intelligence
tools for automated nodule analysis and malignan-
cy probability estimation are increasingly integrat-
ed into screening workflows, offering potential to
extend screening capacity in resource-constrained
settings (119). Liquid biopsy approaches, includ-
ing cell-free DNA assays and circulating tumor
DNA analysis, are under active evaluation as ad-
juncts to LDCT or as potential alternatives in pop-
ulations with limited CT access (120, 121).

Tertiary Prevention

Tertiary prevention in lung cancer centers on en-
suring that every patient with established disease
receives optimal molecular characterization, mul-
tidisciplinary treatment planning, and access to
evidence-based systemic therapy. Multidisciplinary
tumor boards (MTBs) integrating medical oncolo-
gists, thoracic surgeons, pulmonologists, radiologists,
pathologists, and radiation oncologists are recom-
mended as standard of care by the European Society
for Medical Oncology (ESMO) and other major
guideline bodies, with documented benefits for ad-
herence to guideline-concordant treatment (74).
Comprehensive molecular profiling is the pre-
requisite for access to the targeted agents reviewed
in Section 4.3. Systematic molecular reflex test-
ing policies under which PD-L1 protein expres-
sion, along with EGFR, ALK, KRAS GI12C, MET
exon 14, and other rare genomic alterations, are
assessed on all NSCLC diagnostic specimens by
default, are the most actionable intervention for
reducing the disparity between who biologically
could benefit from targeted therapy and who re-
ceives it. Real-world analyses have demonstrated
persistent inequities in testing rates by race, eth-
nicity, and socioeconomic status even within set-
tings where testing is technically available, with

direct consequences for survival (43). Immune
checkpoint inhibitors targeting the PD-L1 path-
way, either as monotherapy in highly expressed
NSCLC or in pembrolizumab-based combination
regimens, are now standard first-line care for pa-
tients without targetable driver mutations (24, 51).
At the population level, digital health infrastruc-
ture — electronic health record linkage, claims data
integration, and cancer registry surveillance — is
essential for monitoring treatment uptake, identi-
tying care gaps, and evaluating the effectiveness of
screening and treatment programs (122, 123).

Clinical and Public Health Implications

Health System Requirements in the Precision
Oncology Era

Thetransition towards risk-stratified LDCT screen-
ing and precision oncology in the management of
lung cancer has engendered specific and consid-
erable demands on healthcare infrastructure. This
must be addressed as an essential prerequisite for
realizing the survival benefits, in which early-stage
cancer detection could result in five-year survival
rates exceeding 75%. Accessible molecular pathol-
ogy services capable of performing next-genera-
tion sequencing or validated single-analyte assays
for EGFR, ALK, KRAS G12C, ROS1, MET exon 14,
PD-L1, and NTRKI-3 on diagnostic biopsy sam-
ples are essential for all healthcare systems treating
lung cancer. This requirement should align with
clinical guidelines in each country, and health sys-
tems should effectively deliver the treatments that
offer the greatest proven survival benefits (53,
124). MTBs have become increasingly important
in translating complex genomic data into individ-
ualized treatment decisions, particularly for pa-
tients with rare or multiple molecular alterations.
MTBs focus on the interpretation of next-genera-
tion sequencing results, facilitate access to targeted
therapies and clinical trials, and promote preci-
sion medicine based on updated guidelines (125).
More recently, comprehensive Precision Oncology
Programs have expanded this model by integrat-
ing molecular diagnostics, longitudinal clinical
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data, and digital health infrastructure into coordi-
nated systems designed to support targeted thera-
py selection, real-world outcome monitoring, and
clinical research (126).

Advanced staging with PET-CT has similar-
ly become integral to accurate mediastinal stag-
ing and treatment planning in resectable NSCLC,
driving infrastructure investment requirements
that are difficult to meet in resource-constrained
settings (73). MTB-based care coordination, in
which oncologists, radiologists, pathologists, tho-
racic surgeons, and pulmonologists collaboratively
review each case, has shown benefits for guideline
adherence and survival outcomes and is recom-
mended as the standard of care by the European
Society of Medical Oncology (ESMO) (74, 123).
At the population level, electronic health record
linkage with cancer registry data enables near-re-
al-time monitoring of incidence, treatment pat-
terns, and outcomes, facilitating identification of
care gaps and evaluation of screening program ef-
fectiveness (122).

Stage Migration, Screening Equity, and Survival
Gains

Shifting the stage at diagnosis toward earlier dis-
ease (stage I-II), or shift migration, is the main
way through which lung cancer mortality is re-
duced at the population level, and this effect is
closely tied to LDCT screening, rather than better
treatment. Survival depends heavily on the stage
at diagnosis; early detection greatly improves out-
comes, with stage IA patients surpassing 65% five-
year survival, compared to under 40% for regional
cancer and around 10% at stage IV (57, 127). The
NELSON trial demonstrated that LDCT screening
in high-risk groups significantly moved diagnoses
to earlier stages, with about 50% detected at stage I
versus 14.2% in controls (18). This shift, not better
treatments, is the primary driver for the 24% lung
cancer-specific mortality reduction among men
and 33% among women in NELSON, and 20%
in NLST (128). Population survival rates, such as
the European five-year survival of 13-19%, reflect
stage distribution influenced by access to screening

(20). Countries investing in screening show better
outcomes. Despite coverage since 2015, less than
20% of eligible Americans participate, with dis-
parities among high-risk groups (129). The ASCO
notes that improving survival depends on equita-
ble implementation of screening, not just on dis-
ease biology (130).

The survival benefit of stage migration is
uneven across racial, ethnic, and socioeconom-
ic groups, operating at three points in the screen-
ing-to-survival pathway, leading to racial inequity
(131, 132). First, screening eligibility itself favors
white men; Black men with lung cancer are less
likely to be eligible, a disparity that persists despite
expanded criteria (133). This reflects that women
and minorities, like Black persons, are at higher
lung cancer risk at lower cigarette use levels, so el-
igibility criteria based on pack-year thresholds re-
inforce disparities (133). Second, screening uptake
among eligible individuals is lower in marginalized
groups, with barriers worsening disparities in in-
cidence and mortality (134). Third, access to mo-
lecular testing after diagnosis is limited for Black
patients and those in poorer areas, reducing access
to targeted therapies that significantly improve
survival. Black patients are also less likely to be di-
agnosed at an early stage, further worsening sur-
vival disparities (132). These layered inequities in
lung cancer detection and treatment have mainly
benefited White, insured, urban, and socioeco-
nomically advantaged patients (135, 136). Globally,
disparities undermine overall reductions in lung
cancer incidence, and recent treatment gains are
not equitably shared, highlighting the need for in-
vesting in equitable screening, biomarker testing,
and addressing socioeconomic barriers to ensure
early diagnosis and cure (43, 131).

Healthcare Policy Responses in Southeastern
Europe

The data examined across Sections 2-6 coalesce
into a specific, actionable policy challenge for
Southeastern Europe. In Southeastern European
nations, including the countries of the former
Yugoslavia, such as Bosnia and Herzegovina and
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Serbia, as well as Romania and Bulgaria, a conflu-
ence of a high tobacco burden, limited LDCT in-
frastructure, incomplete cancer registration, and
restricted access to targeted therapies results in a
preventable excess of lung cancer mortality that is
inadequately reflected in pan-European statistics.
The GBD 2023 PAF estimates presented in Table 2
suggest that tobacco control alone, if implement-
ed fully in accordance with FCTC standards, could
theoretically avert 65-67% of lung cancer fatalities
in Central and Eastern Europe (1). Against this,
only eight of 27 EU member states have achieved
fully smoke-free environments, and the Eastern
European sub-region demonstrates the least com-
pliance with FCTC measures of any European sub-
region (16).

Five-year survival for early stages NSCLC in
Central and Eastern European countries aver-
ages approximately 50%, compared with 63% in
Western European counterparts, a gap that reflects
structural differences in health systems rather than
biological variation (15, 20, 58). Bridging this gap
involves three simultaneous efforts: (i) speeding
up FCTC implementation, especially focusing on
cigarette taxes and smoke-free laws, where the ev-
idence of impact is strongest; (ii) testing LDCT
screening programs in urban areas with high dis-
ease burden, using PLCOm2012 or LLPv2 risk
models that are more effective than traditional
smoking-history criteria in identifying high-risk
individuals; and (iii) developing molecular pa-
thology capabilities to support biomarker-guid-
ed NSCLC treatment at national reference centers,
which can then expand through hub-and-spoke
networks (52, 118).

The regional trends in lung cancer incidence
and mortality could be partially explained by the
long-term effects of the profound political and so-
cioeconomic instability that affected Southeastern
Europe during and after the 1990s (137). The dis-
solution of Yugoslavia, associated armed conflicts,
economic collapse, sanctions, and large-scale dis-
placement likely influenced lung cancer rates
through multiple indirect mechanisms, includ-
ing changes in smoking behavior, disruption of
healthcare infrastructure, and major demographic

shifting (138-140). Refugee movements from
Croatia and Kosovo into Serbia, alongside inter-
nal displacement of two million individuals within
Bosnia and Herzegovina, may have altered nation-
al smoking prevalence, age structures, occupation-
al exposures, and healthcare access (137, 141-143).
Similar demographic transitions were observed
more broadly across Europe following the Fall of
the Berlin Wall and subsequent intra-European
economic migration, as well as more recent migra-
tion from the Middle East and Africa into Western
Europe (144).

Future Research Priorities

Several epidemiological questions remain inade-
quately characterized and represent priority areas
for the next decade of lung cancer research. The
increasing burden of lung cancer among never-
smokers, especially women in East and Southeast
Asia, and more broadly in other regions, necessi-
tates comprehensive multi-disciplinary research
into causes. This includes quantifying indoor air
pollution exposure, mapping residential radon
levels, and conducting multi-omics profiling of
tumor molecular landscapes in populations with-
out tobacco exposure.

The long-term carcinogenic potential of elec-
tronic cigarettes remains unanswerable with cur-
rent data, given the inherent latency constraint
discussed in Section 5.3. Longitudinal cohort in-
frastructure must be established now to document
e-cigarette exposure histories in current adoles-
cent and young adult cohorts, so that lung cancer
risk in these populations can be characterized
when they reach the relevant age range.

In parallel, advances in multi-omics integra-
tion offer a potential solution for addressing these
emerging epidemiological gaps. By combining ge-
nomic, transcriptomic, proteomic, and metabolo-
mic data, multi-omics approaches enable a more
detailed characterization of tumor heterogeneity
and the biological mechanisms underlying lung
cancer in both smokers and never-smokers (145).
This is particularly relevant for understanding the
rising incidence in populations without traditional
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risk factors, where distinct molecular pathways
may predominate. Integrating multi-omics data
with environmental and clinical exposures may
improve risk stratification, identify novel etio-
logical pathways, and support more targeted pre-
vention and treatment strategies (145). However,
translating these insights into population-level
benefit will require standardized data frameworks,
longitudinal datasets, and equitable access to ad-
vanced molecular technologies across regions.

Conclusion

Lung cancer remains the leading cause of can-
cer-related death globally, and the patterns of in-
cidence and mortality documented in this review
make clear that this status will persist for decades
in many populations unless the modifiable de-
terminants of the disease are addressed with sus-
tained policy commitment. The evidence reviewed
here supports five conclusions. First, tobacco con-
trol is the highest-yield and most cost-effective in-
tervention available for lung cancer prevention at
the population level. Second, LDCT screening has
established its efficacy through multiple RCTs and
should be scaled in high-income settings using val-
idated risk prediction models, PLCOm2012, and
LLPv2, to maximize detection yield while mini-
mizing harms. Third, advances in molecular tar-
geted therapy and immune checkpoint inhibitors
have led to transformative improvements in sur-
vival for biologically defined NSCLC subgroups.
Fourth, in Southeastern Europe and the MENA
region, the convergence of high tobacco burden,
limited early detection infrastructure, incomplete
cancer registration, and restricted access to tar-
geted therapy creates a preventable excess of lung
cancer mortality that demands specific and target-
ed policy investment. Finally, the evolution of lung
cancer risk from more never-smokers with adeno-
carcinoma and targetable mutations, influenced by
indoor pollution and radon, calls for new risk as-
sessment and prevention frameworks. Integrating
polygenic risk scores, multi-omics tumor profil-
ing, and better exposure measures into future risk
tools is key for advancing lung cancer research.

Authors’ Contributions: Conception and design: SH, ZA, SV
and GRB; Acquisition, analysis and interpretation of data: SH,
ZA, RE, ZG, SV and GRB; Drafting the article: SH, SV and
GRB; Revising it critically for important intellectual content:
SH, ZA, RE, ZG, SV, and GRB; Approved final version of the
manuscript: SH, ZA, RE, ZG, SV, and GRB.

Conflict of Interest: The authors declare that they have no
conflict of interest.

References

1. Global Burden of Disease Study 2023 (GBD 2023) Re-
sults. [Internet]. 2024 [cited March 2025]. Available from:
https://vizhub.healthdata.org/gbd-results/.

2. Bray E Laversanne M, Sung H, Ferlay J, Siegel RL, Soer-
jomataram I, et al. Global cancer statistics 2022: GLO-
BOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer J Clin.
2024;74(3):229-63. doi:10.3322/caac.21834.

3. Zhu H, Di Carlo V, Khan Baloch F, Allemani C, Cole-
man on behalf of the Concord Working Group MP.
P4. 17D. 02 Global Trends in Lung Cancer Survival by
Morphology: Analysis from 61 Countries During 2000-
2014 (CONCORD-3). Journal of Thoracic Oncology.
2024;19(10):5420. doi:10.1016/j.jtho.2024.09.766.

4. Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz
M, Niksic M, et al. Global surveillance of trends in cancer
survival 2000-14 (CONCORD-3): analysis of individual
records for 37 513 025 patients diagnosed with one of
18 cancers from 322 population-based registries in 71
countries. Lancet. 2018;391(10125):1023-75. d0i:10.1016/
S0140-6736(17)33326-3.

5. Lemjabbar-Alaoui H, Hassan OU, Yang YW, Buchanan
P. Lung cancer: Biology and treatment options. Biochim
Biophys Acta. 2015;1856(2):189-210. doi:10.1016/j.
bbcan.2015.08.002.

6. Ning J, Ge T, Jiang M, Jia K, Wang L, Li W, et al. Early
diagnosis of lung cancer: which is the optimal choice?
Aging (Albany NY). 2021;13(4):6214-27. doi:10.18632/
aging.202504.

7. Dela Cruz CS, Tanoue LT, Matthay RA. Lung cancer:
epidemiology, etiology, and prevention. Clin Chest Med.
2011;32(4):605-44. doi:10.1016/j.ccm.2011.09.001.

8. Perez-Moreno P, Brambilla E, Thomas R, Soria JC.
Squamous cell carcinoma of the lung: molecular sub-
types and therapeutic opportunities. Clin Cancer Res.
2012;18(9):2443-51. doi:10.1158/1078-0432.CCR-11-2370.

9. Rey Brandariz ], Rumgay H, Ayo-Yusuf O, Edwards R,
Islami F, Liu S, et al. Estimated impact of a tobacco-elim-
ination strategy on lung-cancer mortality in 185 coun-
tries: a population-based birth-cohort simulation study.
Lancet Public Health. 2024;9(10):e745-e54. doi:10.1016/
$2468-2667(24)00185-3.




Acta Medica Academica 2026

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Meyer ML, Peters S, Janne PA, Mok TS, Bunn PA, Ab-
del Karim N, et al. Global advances and future directions
in lung cancer care: expert consensus and strategic pri-
orities. ESMO Open. 2026;11(2):106034. doi:10.1016/j.
esmoop.2025.106034.

Jemal A, Miller KD, Ma J, Siegel RL, Fedewa SA, Islami
E et al. Higher Lung Cancer Incidence in Young Wom-
en Than Young Men in the United States. N Engl ] Med.
2018;378(21):1999-2009. doi:10.1056/NEJMoal715907.

Lortet-Tieulent ], Soerjomataram I, Ferlay J, Rutherford M,
Weiderpass E, Bray E International trends in lung cancer
incidence by histological subtype: adenocarcinoma stabi-
lizing in men but still increasing in women. Lung Cancer.
2014;84(1):13-22. d0i:10.1016/j.lungcan.2014.01.009.
Lyratzopoulos G, Abel GA, Brown CH, Rous BA, Ver-
non SA, Roland M, et al. Socio-demographic inequalities
in stage of cancer diagnosis: evidence from patients with
female breast, lung, colon, rectal, prostate, renal, bladder,
melanoma, ovarian and endometrial cancer. Annals of on-
cology. 2013;24(3):843-50. doi:10.1093/annonc/mds526.
Zhang ], Tang ], Yang R, Chen S, Jian H, Zeng P. The glob-
al, regional, and national burden of tracheal, bronchus,
and lung cancer caused by smoking: an analysis based
on the Global Burden of Disease Study 2021. Annals of
global health. 2024;90(1):77. doi:10.5334/aogh.4572.
Sheikh M, Virani S, Robbins HA, Foretova L, Holcatova
I, Janout V, et al. Survival and prognostic factors of early-
stage non-small cell lung cancer in Central and Eastern
Europe: a prospective cohort study. Cancer Medicine.
2023;12(9):10563-74. d0i:10.1002/cam4.5791.

World Health Organization. Two decades of the imple-
mentation of the WHO Framework Convention on
Tobacco Control in the European Union: progress,
challenges and the road ahead. Copenhagen: WHO
Regional Office for Europe; 2025. Report No.. WHO/
EURO:2025-12743-52517-81148.

Teixidor-Vila E, Trallero J, Puigdemont M, Vidal-Vila A,
Hernandez-Martinez A, Sais E, et al. Lung cancer survival
trends and prognostic factors: A 26-year population-
based study in Girona Province, Spain. Lung Cancer.
2024;197:107995. doi:10.1016/j.lungcan.2024.107995.

de Koning HJ, van der Aalst CM, de Jong PA, Schol-
ten ET, Nackaerts K, Heuvelmans MA, et al. Reduced
Lung-Cancer Mortality with Volume CT Screening in a
Randomized Trial. N Engl J Med. 2020;382(6):503-13.
doi:10.1056/NEJMoal911793.

Tang FH, Wong HYT, Tsang PSW, Yau M, Tam SY, Law
L, et al. Recent advancements in lung cancer research: a
narrative review. Translational Lung Cancer Research.
2025;14(3):975-90. doi:10.21037/tlcr-24-979.

Francisci S, Minicozzi P, Pierannunzio D, Ardanaz E,
Eberle A, Grimsrud TK, et al. Survival patterns in lung
and pleural cancer in Europe 1999-2007: Results from the
EUROCARE-5 study. Eur J Cancer. 2015;51(15):2242-53.
doi:10.1016/j.ejca.2015.07.033.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

De Angelis R, Sant M, Coleman MP, Francisci S, Baili
P, Pierannunzio D, et al. Cancer survival in Europe
1999-2007 by country and age: results of EUROCARE-
5—a population-based study. The lancet oncology.
2014;15(1):23-34. doi:10.1016/S1470-2045(13)70546-1.
Shong LY-W, Lam DC-L. Emerging Trends in Global Lung
Cancer Burden. Seminars in respiratory and critical care
medicine. 2025;46(5):409-18. doi:10.1055/a-2651-0612.
Martinez R, Soliz P, Caixeta R, Ordunez P. Reflection
on modern methods: years of life lost due to premature
mortality—a versatile and comprehensive measure for
monitoring non-communicable disease mortality. Inter-
national journal of epidemiology. 2019;48(4):1367-76.
doi:10.1093/ije/dyy254.

Garassino MC, Gadgeel S, Speranza G, Felip E, Esteban
E, Domine M, et al. Pembrolizumab plus pemetrexed
and platinum in nonsquamous non-small-cell lung can-
cer: 5-year outcomes from the phase 3 KEYNOTE-189
study. Journal of Clinical Oncology. 2023;41(11):1992-8.
doi:10.1200/JC0O.22.01989.

Jazieh AR, Algwaiz G, Errihani H, Elghissassi I, Mu-
la-Hussain L, Bawazir AA, et al. Lung Cancer in the
Middle East and North Africa Region. ] Thorac Oncol.
2019;14(11):1884-91. doi:10.1016/}.jtho.2019.02.016.
Awan KH, Hussain QA, Khan S, Peeran SW, Hamam MK,
Hadlaq EA, et al. Accomplishments and challenges in to-
bacco control endeavors - Report from the Gulf Coop-
eration Council countries. Saudi Dent J. 2018;30(1):13-8.
doi:10.1016/j.sdentj.2017.08.003.

Monshi SS, Ibrahim J. Implementation of tobacco con-
trol measures in the Gulf Cooperation Council countries,
2008-2020. Subst Abuse Treat Prev Policy. 2021;16(1):57.
doi:10.1186/s13011-021-00393-8.

Araghi M, Fidler-Benaoudia M, Arnold M, Rutherford
M, Bardot A, Ferlay J, et al. International differences in
lung cancer survival by sex, histological type and stage
at diagnosis: an ICBP SURVMARK-2 Study. Thorax.
2022;77(4):378-90. doi:10.1136/thoraxjnl-2020-216555.
Mathur P, Sathishkumar K, Chaturvedi M, Das P, Su-
darshan KL, Santhappan S, et al. Cancer statistics, 2020:
report from national cancer registry programme, In-
dia. JCO global oncology. 2020;6:1063-75. doi:10.1200/
GO.20.00122.

Cheng ES, Egger S, Hughes S, Weber M, Steinberg ],
Rahman B, et al. Systematic review and meta-analysis
of residential radon and lung cancer in never-smokers.
European Respiratory Review. 2021;30(159):200-30.
doi:10.1183/16000617.0230-2020.

Ghasemiesfe M, Barrow B, Leonard S, Keyhani S, Kore-
nstein D. Association Between Marijuana Use and Risk
of Cancer: A Systematic Review and Meta-analysis.
JAMA Netw Open. 2019;2(11):e1916318. doi:10.1001/
jamanetworkopen.2019.16318.

Pradére P, Marinello A, Vasseur D, Naltet C, Moaca
S, Le Pavec J, et al. The impact of dual cannabis and




Shahd Hamran et al: Lung cancer epidemiology

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

tobacco smoking in young patients with lung cancer:
results from the prospective “Environment and Lung
Cancer” study. Chest. 2025;169(3):819-29. doi:10.1016/].
chest.2025.09.017.

Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomata-
ram I, Jemal A, et al. Global Cancer Statistics 2020: GLO-
BOCAN Estimates of Incidence and Mortality World-
wide for 36 Cancers in 185 Countries. CA Cancer J Clin.
2021;71(3):209-49. doi:10.3322/caac.21660.

Islami F, Torre LA, Jemal A. Global trends of lung
cancer mortality and smoking prevalence. Transl
Lung Cancer Res. 2015;4(4):327-38. doi:10.3978/j.
issn.2218-6751.2015.08.04.

Gallus S, Lugo A, Liu X, Behrakis P, Boffi R, Bosetti C,
et al. Who Smokes in Europe? Data From 12 European
Countries in the TackSHS Survey (2017-2018). J Epide-
miol. 2021;31(2):145-51. doi:10.2188/jea.JE20190344.
Malinovska J, Lustigova M, Michalec J, Krollova P, Fruhau-
fova A, Buckova L, et al. Prevalence of smoking and smok-
ing cessation and associated factors in diabetes popula-
tion aged 50 years and over in Europe. Scientific Reports.
2025;15(1):14123. doi:10.1038/s41598-025-98876-2.
World Health Organization. Tobacco crisis: WHO Euro-
pean Region projected to remain worst globally by 2030:
World Health Organization; 2026 [Available from: https://
www.who.int/europe/news/item/26-02-2026-tobacco-
crisis--who-european-region-projected-to-remain-worst-
globally-by-2030].

Ramalingam SS, Vansteenkiste J, Planchard D, Cho BC,
Gray JE, Ohe Y, et al. Overall Survival with Osimertinib in
Untreated, EGFR-Mutated Advanced NSCLC. New Eng-
land Journal of Medicine. 2020;382(1):41-50. doi:10.1056/
NEJMo0al913662.

Peshin S, Takrori E, Yazji JH, Haque J, Dharia A, Mithani
MS, et al. Advances in Targeted Therapy for Non-Small-
Cell Lung Cancer: Current Progress and Future Di-
rections. International Journal of Molecular Sciences.
2025;26(23):11517. doi:10.3390/ijms262311517.

Peng Z, Ding K, Xie M, Xu Y. Efficacy of immunotherapy
in RET fusion-positive NSCLC: A meta-analysis. Heliyon.
2024;10(14):e34626. doi:10.1016/j.heliyon.2024.e34626.
Drilon A, Tan DSW, Lassen UN, Leyvraz S, Liu Y, Patel JD, et
al. Efficacy and Safety of Larotrectinib in Patients With Tropo-
myosin Receptor Kinase Fusion-Positive Lung Cancers. JCO
Precis Oncol. 2022;6:€2100418. doi:10.1200/P0.21.00418.

Li BT, Smit EF, Goto Y, Nakagawa K, Udagawa H, Maziéres
J, et al. Trastuzumab Deruxtecan in HER2-Mutant Non-
Small-Cell Lung Cancer. N Engl ] Med. 2022;386(3):241-
51. doi:10.1056/NEJMoa2112431.

Dennis MJ, Abrahami D, Vieira MC, Benjumea D, Boyd
M, Shao A, et al. Real-World Analysis of Disparities in Bio-
marker Testing and Use of Recommended Targeted Ther-
apies in Metastatic Non-Small Cell Lung Cancer in the
United States. JCO Precision Oncology. 2025;9:€2400449.
doi:10.1200/PO-24-00449.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Howlader N, Forjaz G, Mooradian MJ, Meza R, Kong
CY, Cronin KA, et al. The effect of advances in lung-
cancer treatment on population mortality. New England
Journal of Medicine. 2020;383(7):640-9. doi:10.1056/
NEJMoal916623.

Centers for Disease Control and Prevention. U.S. Can-
cer Statistics Lung Cancer Stat Bite 2025 [Available from:
https://www.cdc.gov/united-states-cancer-statistics/pub-
lications/lung-cancer-stat-bite.html].

GBD 2019 Tobacco Collaborators. Spatial, tempo-
ral, and demographic patterns in prevalence of smok-
ing tobacco use and attributable disease burden in
204 countries and territories, 1990-2019: a system-
atic analysis from the Global Burden of Disease Study
2019. Lancet 2021;397(10292):2337.  doi:10.1016/
S0140-6736(21)01169-7.

Lancaster HL, Heuvelmans MA, Oudkerk M. Low-dose
computed tomography lung cancer screening: Clinical ev-
idence and implementation research. Journal of internal
medicine. 2022;292(1):68-80. doi:10.1111/joim.13480.

Tomic K, Begagic E, Voloder E, Naletilic MP, Jozic GB,
Cale S, et al. Outcomes of extensive-stage small cell
lung cancer treatment in a real-world clinical setting:
a single-center experience. Contemp Oncol (Pozn).
2025;29(3):271-80. doi:10.5114/w0.2025.153755.

Burus T, McAfee CR, Knight JR, Mullett TW, Hull PC.
Lung Cancer Screening Prevalence and Changes in 2024.
JAMA Intern Med. 2026;186(6):775-8. doi:10.1001/
jamainternmed.2026.0493.

Brender TD, Richman IB, Gross CP. Lung Cancer
Screening Turns 10-Progress and Plenty Left to Do.
JAMA Intern Med. 2026;186(6):778-9. doi:10.1001/
jamainternmed.2026.0499.

Abdelazeem B, Abbas KS, Labieb F Arida AK, El-Shahat
NA, Shehata J, et al. The role of immunotherapy plus che-
motherapy versus chemotherapy alone as first-line treat-
ment for advanced non-small cell lung cancer: an up-
dated systematic review and meta-analysis of randomized
controlled trials. Expert Review of Anticancer Therapy.
2022;22(10):1127-40. doi:10.1080/14737140.2022.2116005.

Robbins HA, Alcala K, Swerdlow AJ, Schoemaker M],
Wareham N, Travis RC, et al. Comparative performance
of lung cancer risk models to define lung screening eligi-
bility in the United Kingdom. British Journal of Cancer.
2021;124(12):2026-34. doi:10.1038/s41416-021-01278-0.

Smeltzer MP, Wynes MW, Lantuejoul S, Soo R, Ramalin-
gam SS, Varella-Garcia M, et al. The International Asso-
ciation for the Study of Lung Cancer global survey on mo-
lecular testing in lung cancer. Journal of Thoracic Oncol-
ogy. 2020;15(9):1434-48. doi:10.1016/}.jtho.2020.05.002.
Zhong X, Ji P, Yang L. Small cell lung cancer: from im-
munobiological mechanisms to clinical advances. Fron-
tiers in Immunology. 2026;17:1765497. doi:10.3389/
fimmu.2026.1765497.




Acta Medica Academica 2026

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Wang BY, Huang JY, Chen HC, Lin CH, Lin SH, Hung
WH, et al. The comparison between adenocarcinoma and
squamous cell carcinoma in lung cancer patients. Journal
of cancer research and clinical oncology. 2020;146(1):43-
52. doi:10.1007/s00432-019-03079-8.

Hosgood III HD, Boffetta P, Greenland S, Lee Y-CA,
McLaughlin J, Seow A, et al. In-home coal and wood use
and lung cancer risk: a pooled analysis of the Internation-
al Lung Cancer Consortium. Environmental health per-
spectives. 2010;118(12):1743-7. doi:10.1289/ehp.1002217.
SEER* Explorer: an interactive website for SEER cancer
statistics [Internet]. Surveillance Research Program, Na-
tional Cancer Institute. 2023. Available from: https://seer.
cancer.gov/statistics-network/explorer/.

Sant M, Daidone C, Innos K, Marcos-Gragera R, Van-
schoenbeek K, Barranco MR, et al. Patterns of care and
survival for lung cancer: Results of the European pop-
ulation-based high-resolution study. Front Epidemiol.
2023;3:1109853. doi:10.3389/fepid.2023.1109853.

Evans IIT N, Grenda T, Alvarez NH, Okusanya OT. Narra-
tive review of socioeconomic and racial disparities in the
treatment of early stage lung cancer. Journal of thoracic
disease. 2021;13(6):3758-63. doi:10.21037/jtd-20-3181.
Walser T, Cui X, Yanagawa J, Lee JM, Heinrich E, Lee G,
et al. Smoking and lung cancer: the role of inflamma-
tion. Proc Am Thorac Soc. 2008;5(8):811-5. doi:10.1513/
pats.200809-100TH.

World Health Organization. WHO Framework Conven-
tion on Tobacco Control. Geneva, Switzerland: World
Health Organization; 2003 16 March, 2026.

World Health Organization. 2025 Global Progress Report
on Implementation of the WHO Framework Convention
on Tobacco Control. Geneva, Switzerland: World Health
Organization; 2025.

World Health Organization. WHO global report on
trends in prevalence of tobacco use 2000-2030. Geneva:
World Health Organization; 2024. 135 p.

Oberg M, Jaakkola MS, Woodward A, Peruga A, Pruss-
Ustun A. Worldwide burden of disease from exposure
to second-hand smoke: a retrospective analysis of data
from 192 countries. The lancet. 2011;377(9760):139-46.
doi:10.1016/S0140-6736(10)61388-8.

Office on Smoking and Health (US). The Health Conse-
quences of Involuntary Exposure to Tobacco Smoke: A
Report of the Surgeon General. Atlanta (GA): Centers for
Disease Control and Prevention (US); 2006.

Yousuf H, Hofstra M, Tijssen J, Leenen B, Lindemans
JW, van Rossum A, et al. Estimated worldwide mortal-
ity attributed to secondhand tobacco smoke exposure,
1990-2016. JAMA network open. 2020;3(3):€201177.
doi:10.1001/jamanetworkopen.2020.1177.

Zhang Y, Wang W, Dai K, Huang Y, Wang R, He D, et
al. Global lung cancer burden attributable to air fine
particulate matter and tobacco smoke exposure: spatio-
temporal patterns, sociodemographic characteristics,

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

and transnational inequalities from 1990 to 2021.
BMC Public Health. 2025;25(1):1260. doi:10.1186/
$12889-025-22450-8.

World Health Organization. Household air pollu-
tion Geneva, Switzerland: World Health Organiza-
tion; 2025 [updated 16 December 2025. Available from:
https://www.who.int/news-room/fact-sheets/detail/
household-air-pollution-and-health].

World Health Organization. WHO guidelines for indoor
air quality: household fuel combustion. Geneva: World
Health Organization; 2014. 172 p.

Roder D, Buckley E. Monitoring Therapeutic Side Effects
(carcinogenic and non-carcinogenic) with Linked Cancer
Registry Data in Australia. Asian Pacific Journal of En-
vironment and Cancer. 2021;4(1):39-43. doi:10.31557/
apjec.2021.4.1.39-43.

IARC Working Group on the Evaluation of Carcinogenic
Risks to Humans. Chemical agents and related occupa-
tions. Lyon (France): International Agency for Research
on Cancer; 2012.

Ge C, Peters S, Olsson A, Portengen L, Schuz J, Alman-
sa J, et al. Diesel Engine Exhaust Exposure, Smoking,
and Lung Cancer Subtype Risks. A Pooled Exposure-
Response Analysis of 14 Case-Control Studies. Am ]
Respir Crit Care Med. 2020;202(3):402-11. doi:10.1164/
rcem.201911-21010C.

Tomalieh BT, Torres Luna JD, Murugesan K, Kabir A,
Rebellow D, Kasagga A, et al. PET/CT vs PET/MRI in
Lung Cancer: A Narrative Review of Diagnostic Perfor-
mance, Practical Trade-offs, and Clinical Impact. Cureus.
2025;17(9):€93427-e. doi:10.7759/cureus.93427.

Postmus PE, Kerr KM, Oudkerk M, Senan S, Waller DA,
Vansteenkiste J, et al. Early and locally advanced non-
small-cell lung cancer (NSCLC): ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. An-
nals of oncology. 2017;28(suppl_4):iv1-iv21. doi:10.1093/
annonc/mdx222.

Bracken-Clarke D, Kapoor D, Baird AM, Buchanan PJ,
Gately K, Cuffe S, et al. Vaping and lung cancer - A re-
view of current data and recommendations. Lung Cancer.
2021;153:11-20. doi:10.1016/j.lungcan.2020.12.030.
Khodaee A, Reed A, Khodaee M. Electronic Cigarette
Use (Vaping) Among Adolescents: A Narrative Re-
view of an Emerging Public Health Epidemic. Cureus.
2025;17(8):€89422. d0i:10.7759/cureus.89422.

Cote ML, Liu M, Bonassi S, Neri M, Schwartz AG, Chris-
tiani DC, et al. Increased risk of lung cancer in individuals
with a family history of the disease: a pooled analysis from
the International Lung Cancer Consortium. European
journal of cancer. 2012;48(13):1957-68. doi:10.1016/j.
€jca.2012.01.038.

Mucci LA, Hjelmborg JB, Harris JR, Czene K, Havelick
DJ, Scheike T, et al. Familial risk and heritability of cancer
among twins in Nordic countries. JAMA. 2016;315(1):68-
76. d0i:10.1001/jama.2016.0197.




Shahd Hamran et al: Lung cancer epidemiology

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Hung RJ, Warkentin MT, Brhane Y, Chatterjee N, Chris-
tiani DC, Landi MT, et al. Assessing lung cancer absolute
risk trajectory based on a polygenic risk model. Cancer
research. 2021;81(6):1607-15. doi:10.1158/0008-5472.
CAN-20-1237.

McKay JD, Hung R], Han Y, Zong X, Carreras-Torres R,
Christiani DC, et al. Large-scale association analysis iden-
tifies new lung cancer susceptibility loci and heterogene-
ity in genetic susceptibility across histological subtypes.
Nat Genet. 2017;49(7):1126-32. doi:10.1038/ng.3892.
DaiJ, Lv ], Zhu M, Wang Y, Qin N, Ma H, et al. Identifica-
tion of risk loci and a polygenic risk score for lung cancer:
a large-scale prospective cohort study in Chinese popula-
tions. The Lancet Respiratory Medicine. 2019;7(10):881-
91. doi:10.1016/S2213-2600(19)30144-4.

LiS,LiL, Zhu Y, Huang C, Qin Y, Liu H, et al. Coexistence
of EGFR with KRAS, or BRAF, or PIK3CA somatic mu-
tations in lung cancer: a comprehensive mutation profil-
ing from 5125 Chinese cohorts. British journal of cancer.
2014;110(11):2812-20. doi:10.1038/bjc.2014.210.

Zhang YL, Yuan JQ, Wang KF, Fu XH, Han XR, Threaple-
ton D, et al. The prevalence of EGFR mutation in pa-
tients with non-small cell lung cancer: a systematic re-
view and meta-analysis. Oncotarget. 2016;7(48):78985.
doi:10.18632/oncotarget.12587.

AACR Project Genie Consortium. AACR Project GE-
NIE: Powering Precision Medicine through an Interna-
tional Consortium. Cancer discovery. 2017;7(8):818-31.
doi:10.1158/2159-8290.CD-17-0151.

Dogan S, Shen R, Ang DC, Johnson ML, D’Angelo SP, Paik
PK, et al. Molecular epidemiology of EGFR and KRAS
mutations in 3,026 lung adenocarcinomas: higher sus-
ceptibility of women to smoking-related KRAS-mutant
cancers. Clinical cancer research. 2012;18(22):6169-77.
doi:10.1158/1078-0432.CCR-11-3265.

Young RP, Hopkins R], Christmas T, Black PN, Metcalf P,
Gamble GD. COPD prevalence is increased in lung cancer,
independent of age, sex and smoking history. Eur Respir J.
2009;34(2):380-6. doi:10.1183/09031936.00144208.

de Torres JP, Marin JM, Casanova C, Cote C, Car-
rizo S, Cordoba-Lanus E, et al. Lung cancer in patients
with chronic obstructive pulmonary disease- incidence
and predicting factors. Am ] Respir Crit Care Med.
2011;184(8):913-9. doi:10.1164/rccm.201103-04300C.
Sigel K, Makinson A, Thaler J. Lung cancer in persons with
HIV. Curr Opin HIV AIDS. 2017;12(1):31-8. d0i:10.1097/
COH.0000000000000326.

Shiels MS, Cole SR, Mehta SH, Kirk GD. Lung cancer inci-
dence and mortality among HIV-infected and HIV-unin-
fected injection drug users. ] Acquir Immune Defic Syndr.
2010;55(4):510-5. doi:10.1097/QAIL.0b013e3181f53783.
Sigel K, Wisnivesky J, Gordon K, Dubrow R, Justice A,
Brown ST, et al. HIV as an independent risk factor for inci-
dent lung cancer. AIDS. 2012;26(8):1017-25. doi:10.1097/
QAD.0b013e328352d1ad.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Wei X, Zhu C, Ji M, Fan J, Xie ], Huang Y, et al. Diet and
Risk of Incident Lung Cancer: A Large Prospective Cohort
Study in UK Biobank. Am J Clin Nutr. 2021;114(6):2043-
51. doi:10.1093/ajcn/nqab298.

Xue XJ, Gao Q, Qiao JH, Zhang ], Xu CP, Liu J. Red and
processed meat consumption and the risk of lung cancer:
a dose-response meta-analysis of 33 published studies. Int
J Clin Exp Med. 2014;7(6):1542-53. PMC4100964.

Alpha-Tocopherol Beta Carotene Cancer Prevention
Study Group. The effect of vitamin E and beta caro-
tene on the incidence of lung cancer and other cancers
in male smokers. N Engl ] Med. 1994;330(15):1029-35.
doi:10.1056/nejm199404143301501.

Omenn GS, Goodman GE, Thornquist MD, Balmes J,
Cullen MR, Glass A, et al. Effects of a combination of beta
carotene and vitamin A on lung cancer and cardiovascular
disease. N Engl ] Med. 1996;334(18):1150-5. doi:10.1056/
NEJM199605023341802.

Starkey F, Moore L, Campbell R, Sidaway M, Bloor
M. Rationale, design and conduct of a comprehensive
evaluation of a school-based peer-led anti-smoking in-
tervention in the UK: the ASSIST cluster randomised
trial [[SRCTN55572965]. BMC Public Health. 2005;5:43.
doi:10.1186/1471-2458-5-43.

Lewis KE, Ravara SB, Papadakis S, Attar-Zadeh D, Hana-
fin J, Clancy L, et al. Optimising health systems to deliver
tobacco-dependence treatment.  Supporting Tobacco
Cessation Sheffield, UK European Respiratory Society;
2021. p. 118-35. d0i:10.1183/2312508X.10002520.

Theobald M, Botelho R, Saccocio S, Houston T, McAfee T,
Mullins S, et al. Treating tobacco dependence practice man-
ual, a systems-change approach. Am Acad Fam Phys. 2017.

Arnett DK, Blumenthal RS, Albert MA, Buroker AB,
Goldberger ZD, Hahn EJ, et al. 2019 ACC/AHA Guideline
on the Primary Prevention of Cardiovascular Disease: A
Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guide-
lines. Circulation. 2019;140(11):e596-e646. doi:10.1161/
CIR.0000000000000678.

Neff L], Patel D, Davis K, Ridgeway W, Shafer P, Cox S.
Evaluation of the National Tips From Former Smokers

Campaign: the 2014 Longitudinal Cohort. Prev Chronic
Dis. 2016;13:E42. doi:10.5888/pcd13.150556.

100. Akter S, Rahman MM, Rouyard T, Aktar S, Nsashiyi

101.

RS, Nakamura R. A systematic review and network
meta-analysis of population-level interventions to tackle
smoking behaviour. Nat Hum Behav. 2024;8(12):2367-
91. doi:10.1038/s41562-024-02002-7.

Quansah R, Semple S, Ochieng CA, Juvekar S, Armah
FA, Luginaah I, et al. Effectiveness of interventions to re-
duce household air pollution and/or improve health in
homes using solid fuel in low-and-middle income coun-
tries: A systematic review and meta-analysis. Environ
Int. 2017;103:73-90. doi:10.1016/j.envint.2017.03.010.




Acta Medica Academica 2026

102.

103.

104.

105.

106.

107.

108.

109.

110.

11

—

112.

Samarzija M, Krpina K, Marusic A, Jakopovic M, Aboud
A, Kukuljan M, et al. Design of the first national lung can-
cer screening program in the European Union: the Croa-
tian Model. Eur Radiol. 2026;36(5):4090-7. d0i:10.1007/
s00330-025-12185-w.

Lung Cancer Policy Network. Lung cancer screen-
ing in Croatia: leading the way for earlier detection in
Europe: Lung Cancer Policy Network; 2023 [Avail-
able from: https://www.lungcancerpolicynetwork.com/
lung-cancer-screening-in-croatia/].

Lung Cancer Policy Network. Paving the way for lung
cancer screening: learning from Central and Eastern
Europe: Lung Cancer Policy Network; 2024 [Available
from: https://www.lungcancerpolicynetwork.com/pav-
ing-the-way-for-lung-cancer-screening-learning-from-
central-and-eastern-europe/].

Vasakova MK, Hejduk K, Kocova E, Cierna Peterova I,
Mirka H, Seifert B, et al. Experience With Lung Cancer
Screening in the Czech Republic: Half-time of the Nation-
al Pilot Programme. American Journal of Respiratory and
Critical Care Medicine. 2025;211(Supplement_1):A5215-
A. doi:10.1164/ajrccm.2025.211. Abstracts. A5215.
Ministry of Health Republic of Poland. Lung can-
cer screening program gov.pl: Ministerstwo Zdrowia;
[Available  from:  https://www.gov.pl/web/zdrowie/
program-badan-w-kierunku-wykrywania-raka-pluca].
Kerpel-Fronius A, Bogos K. HUNCHEST projects-
advancing low-dose CT lung cancer screening in Hun-
gary. Pathol Oncol Res. 2024;30:1611635. doi:10.3389/
pore.2024.1611635.

OECD/European Commission. EU Country Cancer Pro-
file: Italy 2025. Paris; 2025.

Lung Cancer Screening Pilot Programme: Cancer
Screening Smoking Cessation AND Respiratory Assess-
ment (CASSANDRA) [Internet]. 2023. Available from:
https://clinicaltrials.gov/study/NCT06157957.

Federal Ministry for the Environment Nature Conserva-
tion Nuclear Safety and Consumer Protection. Regulation
on the admissibility of the use of low-dose computed to-
mography for the early detection of lung cancer in smokers
1 (Lung Cancer Early Detection Regulation - LuKrFriih-
ErkV): Bundesministerium der Justiz / Bundesamt fur
Justiz; 2024 [Available from: https://www.gesetze-im-in-
ternet.de/lukrfr_herkv/BJNROA20A0024.html ].

. Force USPST, Krist AH, Davidson KW, Mangione CM,

Barry MJ, Cabana M, et al. Screening for Lung Cancer:
US Preventive Services Task Force Recommendation
Statement. JAMA. 2021;325(10):962-70. doi:10.1001/
jama.2021.1117.

Passiglia F, Cinquini M, Bertolaccini L, Del Re M, Facchi-
netti E Ferrara R, et al. Benefits and harms of lung cancer
screening by chest computed tomography: a systematic
review and meta-analysis. Journal of Clinical Oncology.
2021;39(23):2574-85. doi:10.1200/JCO.21.02078.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Rasmussen JE Siersma V, Malmqvist J, Brodersen J. Psy-
chosocial consequences of false positives in the Danish
Lung Cancer CT Screening Trial: a nested matched co-
hort study. BMJ open. 2020;10(6):€034682. doi:10.1136/
bmjopen-2019-034682.

dos Santos RS, Franceschini JP, Chate RC, Ghefter
MC, Kay E Trajano AL, et al. Do Current Lung Cancer
Screening Guidelines Apply for Populations With High
Prevalence of Granulomatous Disease? Results From the
First Brazilian Lung Cancer Screening Trial (BRELT1).
Ann Thorac Surg. 2016;101(2):481-6; discussion 7-8.
doi:10.1016/j.athoracsur.2015.07.013.

Wade S, Weber M, Caruana M, Kang Y], Marshall H,
Manser R, et al. Estimating the cost-effectiveness of
lung cancer screening with low-dose computed tomog-
raphy for high-risk smokers in Australia. Journal of
Thoracic Oncology. 2018;13(8):1094-105. doi:10.1016/j.
jtho.2018.04.006.

Pan X, Dvortsin E, Baldwin DR, Groen HJM, Ramaker
D, Ryan J, et al. Cost-effectiveness of volume computed
tomography in lung cancer screening: a cohort simula-
tion based on Nelson study outcomes. Journal of medical
economics. 2024;27(1):27-38. doi:10.1080/13696998.202
3.2288739.

Fan Z, Zheng M, Guan Z, Liu H, Guo P, Zhu Y, et al. Cost-
effectiveness of lung cancer screening: insights from risk
stratification, guidelines, and emerging technologies—a
systematic review. npj Primary Care Respiratory Medi-
cine. 2026;36(1):15. doi:10.1038/s41533-026-00482-w.
Grover H, Ross T, Fuller E. Implementation of target-
ed screening for lung cancer in a high-risk population
within routine NHS practice using low-dose computed
tomography. Thorax. 2020;75(4):348-50. doi:10.1136/
thoraxjnl-2019-214303.

See KC. Reducing the burden of lung cancer through
primary, secondary, tertiary and quaternary preven-
tion. Singapore Medicine Journal. 2025;66(11):584-5.
doi:10.4103/SINGAPOREMED].SMJ-2025-243.
Hubbell E, Clarke CA, Aravanis AM, Berg CD. Mod-
eled reductions in late-stage cancer with a multi-cancer
early detection test. Cancer Epidemiology, Biomarkers
& Prevention. 2021;30(3):460-8. doi:10.1158/1055-9965.
EPI-20-1134.

Hackshaw A, Cohen SS, Reichert H, Kansal AR, Chung
KC, Ofman JJ. Estimating the population health impact
of a multi-cancer early detection genomic blood test to
complement existing screening in the US and UK. Brit-
ish Journal of Cancer. 2021;125(10):1432. doi:10.1038/
541416-021-01498-4.

Charlton ME, Kahl AR, McDowell BD, Miller RS, Kom-
atsoulis G, Koskimaki JE, et al. Cancer registry data
linkage of electronic health record data from ASCO’s
CancerLinQ: Evaluation of advantages, limitations,
and lessons learned. JCO clinical cancer informatics.
2022;6:€2100149. doi:10.1200/CCI.21.00149.




Shahd Hamran et al: Lung cancer epidemiology

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Ngoc LTN, Park D, Lee YC. Human health impacts of
residential radon exposure: updated systematic review
and meta-analysis of case—control studies. International
Journal of Environmental Research and Public Health.
2022;20(1):97. doi:10.3390/ijerph20010097.

Febbraro M, Gheware A, Kennedy T, Jain D, de Moraes
FY, Juergens R, editors. Barriers to Access: Global Vari-
ability in Implementing Treatment Advances in Lung
Cancer. American Society of Clinical Oncology Educa-
tional book American Society of Clinical Oncology An-
nual Meeting; 2022. doi: 10.1200/EDBK_351021.
Tsimberidou AM, Kahle M, Vo HH, Baysal MA, Johnson
A, Meric-Bernstam E Molecular tumour boards - cur-
rent and future considerations for precision oncology.
Nat Rev Clin Oncol. 2023;20(12):843-63. doi:10.1038/
s41571-023-00824-4.

Vashistha V, Katsoulakis E, Guo A, Price M, Ahmed
S, Kelley MJ. Molecular-Guided Off-Label Targeted
Therapy in a Large-Scale Precision Oncology Pro-
gram. JCO Precis Oncol. 2023;7:€2200518. doi:10.1200/
PO.22.00518.

Edwards DM, Pirzadeh M, Van T, Jiang R, Tate A, Schae-
fer G, et al. Impact of lung cancer screening on stage
migration and mortality among the national Veterans
Health Administration population with lung cancer.
Cancer. 2024;130(17):2910-7. doi:10.1002/cncr.35340.
National Lung Screening Trial Research T, Aberle DR,
Adams AM, Berg CD, Black WC, Clapp JD, et al. Reduced
Lung-Cancer Mortality with Low-Dose Computed To-
mographic Screening. New England Journal of Medicine.
2011;365(5):395-409. doi:10.1056/NEJMoal102873.

U.S. Cancer Statistics Working Group. United States
Cancer Statistics: Data Visualizations: U.S. Department
of Health and Human Services, Centers for Disease Con-
trol and Prevention and National Cancer Institute; 2025
[Available from: https://www.cdc.gov/cancer/dataviz].
Tucker-Seeley R, Abu-Khalaf M, Bona K, Shastri S, John-
son W, Phillips J, et al. Social Determinants of Health and
Cancer Care: An ASCO Policy Statement. JCO Oncol
Pract. 2024;20(5):621-30. doi:10.1200/0OP.23.00810.
Shehata DG, Pan JM, Pan Z, Vigneswaran ], Contre-
ras N, Rodriguez E, et al. Equity and Opportunities in
Lung Cancer Care-Addressing Disparities, Challenges,
and Pathways Forward. Cancers (Basel). 2025;17(8).
doi:10.3390/cancers17081347.

Zeng H, Yuan Z, Zhang G, Li W, Guo L, Li N, et al. Racial
disparities in histological subtype, stage, tumor grade and
cancer-specific survival in lung cancer. Transl Lung Can-
cer Res. 2022;11(7):1348-58. doi:10.21037/tlcr-21-794.
Shusted CS, Evans NR, Kane GC, Juon HS, Barta JA.
Analysis of Lung Cancer Screening by Race After
USPSTF Expansion of Screening Eligibility in 2021.
JAMA Netw Open. 2022;5(6):€2217578. doi:10.1001/
jamanetworkopen.2022.17578.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Monestime S, Rigney M, Phipps N, Carlson C, Alongi
T, Redding M, et al. Health inequities across the lung
cancer care continuum in ten marginalized populations:
a narrative review. ] Thorac Dis. 2023;15(11):6345-61.
doi:10.21037/jtd-23-727.

Gargapati A, Fox ], Massarelli E. Disparities in Lung Can-
cer Health Outcomes and Access to Lung Cancer Screen-
ing Between Rural and Urban Areas in the U.S. Cancers
(Basel). 2026;18(5):864. doi:10.3390/cancers18050864.
Redondo-Sanchez D, Petrova D, Rodriguez-Barranco M,
Fernandez-Navarro P, Jiménez-Moleon JJ, Sdnchez M-J.
Socio-Economic Inequalities in Lung Cancer Outcomes:
An Overview of Systematic Reviews. Cancers (Basel).
2022;14(2). do0i:10.3390/cancers14020398.

International Criminal Tribunal for the former Yugosla-
via. The Conflicts United Nations International Residual
Mechanism for Criminal Tribunals: United Nations;
n.d. [Available from: https://www.icty.org/en/about/
what-former-yugoslavia/conflicts].

Ilic M, Ilic I. Cancer mortality in Serbia, 1991-2015: an
age-period-cohort and joinpoint regression analysis.
Cancer Commun (Lond). 2018;38(1):10. doi:10.1186/
540880-018-0282-3.

International Monetary Fund. Former Yugoslav Repub-
lic of Macedonia: Staff Report for the 2009 Article IV
Consultation—Staff Report; Staff Statement; Public In-
formation Notice on the Executive Board Discussion;
and Statement by the Executive Director for the Former
Yugoslav Republic of Macedonia. Washington, D.C.: In-
ternational Monetary Fund; 2010 January 2010.

U.S. Department of State. Bosnia Fact Sheet: Economic
Sanctions Against the Federal Republic of Yugoslavia
(Serbia and Montenegro) U.S. Department of State Ar-
chive: Bureau of Public Affairs, U.S. Department of State;
1995 [updated November 13, 1995 May 13, 2026]. Avail-
able from: https://1997-2001.state.gov/regions/eur/bos-
nia/yugoslavia_econ_sanctions.html].

United Nations High Commissioner for Refugees (UN-
HCR). Internally displaced persons. The State of the
World’s Refugees 2006: Human Displacement in the New
Millennium. Geneva: UNHCR; 2006.

Bozicevic I, Gilmore A, Oreskovic S. The tobacco epi-
demic in south-east Europe: consequences and policy
responses. 2004. doi:10.1596/13710.

Al-Ali N, Black R, Koser K. Refugees and transnational-
ism: The experience of Bosnians and Eritreans in Europe.
Journal of Ethnic and Migration studies. 2001;27(4):615-
34. doi:10.1080/13691830120090412.

De Haas H, Vezzoli S. European Migrations: Dynamics,
drivers, and the role of policies. 2018. d0i:10.2760/168653.
Miao J, Guan W, Wang J, Gong H, Xie Q, Gao Y. Multi-
omics integration in deciphering non-small cell lung
cancer drug resistance: current status, challenges, and
future prospects. Hereditas. 2026;163(1):5. doi:10.1186/
541065-025-00570-w.




