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Lung cancer in never smokers presents a persistent clinical enigma, defying the conventional understanding
that smoking isthe primary driver of the disease. While environmental factors and secondhand smoke exposure
account for some cases, a significant proportion remains unexplained, leaving clinicians without clear answers
for their patients.

This gap in understanding highlights the urgent need to identify underlying biological mechanisms that
predispose individuals to lung malignancies independent of tobacco use. The identification of specific genetic
variants offers avital avenue for explaining these cases and potentially guiding future screening and therapeutic
strategies.

The Pivot: A specific EGFR variant is a major, independent risk factor for lung cancer in individuals with
no smoking history.

The Data: This variant increases lung cancer risk by approximately 60 times in never smokers.

The Action: Clinicians should consider genetic predisposition in never smokers presenting with lung
cancer, potentially informing earlier diagnostic pathways.

Lung cancer, particularly non-small cell lung cancer (NSCLC), has long been inextricably linked with tobacco
smoking. This association is robust, forming the basis for public health campaigns and screening guidelines. But a
substantial minority of lung cancer diagnoses occur in individuals who have never smoked, a group that represents a
growing proportion of al lung cancer cases globally. These patients often present with distinct clinical and molecular
characteristics, suggesting different etiologies from smoking-related lung cancer.

The molecular market of lung cancer in never smokersis notably different, frequently featuring oncogenic driver
mutations such as those in the epidermal growth factor receptor (EGFR) gene. These mutations are less common

in smokers and are often associated with adenocarcinoma histology. Understanding the precise role of these genetic
alterationsis paramount for devel oping targeted i nterventions and improving outcomesin this specific patient population.

The genetic predisposition in never smokers
A particular variant within the EGFR gene has been identified as a potent risk factor for lung cancer in individuals

with no history of smoking. This variant is not merely a somatic mutation acquired during carcinogenesis, but rather a
germline polymorphism that confers a significantly elevated predisposition to devel oping the disease. The presence of
this specific EGFR variant increases an individual's lifetime risk of lung cancer by approximately 60-fold, a magnitude
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of effect rarely seen outside of highly penetrant hereditary cancer syndromes.

This finding challenges the long-held assumption that lung cancer in never smokersis primarily a stochastic event or
solely attributable to subtle environmental exposures. Instead, it points to a strong genetic component, suggesting that
for asubset of these patients, the diseaseis essentially hardwired into their genome. The variant's high penetrance means
that individuals carrying it face adramatically higher probability of developing lung cancer compared to the general
never-smoking population, making it avital biomarker for risk stratification.

The mechanism by which this germline EGFR variant confers such a high risk is thought to involve altered receptor
signalling and downstream cellular pathways. EGFR is atransmembrane tyrosine kinase receptor that plays akey role
in cell growth, proliferation, and survival. Mutations or variants that lead to constitutive activation or dysregulation of
this receptor can drive uncontrolled cell division, ahallmark of cancer. This specific germline variant likely primes
lung epithelial cells for malignant transformation, making them more susceptible to subsequent somatic mutations or
environmental insults that would otherwise be innocuous.

Understanding this mechanism is vital for developing preventive strategies. If the variant leads to an inherently more
active or easily activated EGFR pathway, then prophylactic interventions targeting EGFR signalling could theoretically
reduce risk. This could involve chemoprevention with EGFR inhibitors, though the long-term safety and efficacy of such
an approach in healthy individuals at high risk would require extensive investigation. For now, the focusremains on early
detection and precise diagnosis once the disease manifests.

Clinical implications for diagnosis and screening
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Theidentification of a highly penetrant EGFR germline variant has profound implications for the clinical management
of lung cancer in never smokers. Currently, screening guidelines for lung cancer, such as those recommending low-dose
computed tomography (LDCT), are primarily based on age and smoking history. These guidelineslargely exclude never
smokers, even those with other risk factors, leading to delayed diagnoses and poorer prognoses in this group. The
implementation of lung cancer screening programs faces challenges even with established risk factors.

The existence of a genetic marker that confers a 60-fold increased risk necessitates a re-eval uation of these screening
paradigms. For individualsidentified as carriers of this specific EGFR variant, standard screening protocols designed for
the general population are clearly inadequate. A more aggressive, personalised screening approach, potentially involving
regular LDCT scans starting at an earlier age, would be warranted. This would align with strategies used for other
hereditary cancer syndromes, where genetic testing guides intensive surveillance.

The presence of this germline variant could influence diagnostic workup for never smokers presenting with respiratory
symptoms. If anever smoker with suspicious symptomsis found to carry this variant, the index of suspicion for lung
cancer should be significantly higher, prompting more rapid and thorough investigation. This could accel erate diagnosis,
allowing for earlier intervention when the disease is more amenable to curative treatment. The health literacy gapsin
lung cancer diagnosis are a persistent barrier, making clear risk stratification even more important.

The challenge lies in implementing widespread genetic testing for this variant. While the clinical utility is clear for
high-risk individuals, the cost-effectiveness and logistical hurdles of population-wide screening for arelatively rare
variant need careful consideration. Targeted testing of never smokers with afamily history of lung cancer, or those
presenting with early-onset disease, might be a more pragmatic initial approach. Thiswould help identify those most
likely to benefit from intensified surveillance without overburdening healthcare systems.

Therapeutic considerations and future directions
The discovery of agermline EGFR variant as a major risk factor also opens new avenues for therapeutic intervention.

Patients with lung cancer driven by somatic EGFR mutations are highly responsive to EGFR tyrosine kinase inhibitors
(TKIs). Given that this germline variant predisposes to lung cancer, and EGFR signalling isimplicated, it is plausible
that tumoursarising in carriers of thisvariant might also be particularly sensitive to EGFR-targeted therapies. This could
mean that these patients are ideal candidates for first-line TK1 therapy, potentially leading to better response rates and
prolonged progression-free survival.

But it isimportant to distinguish between germline predisposition and somatic driver mutations. While the germline
variant increasesrisk, the actual tumour development still relies on subsequent somatic mutations, which may or may not
include the classic activating EGFR mutations (e.g., exon 19 deletions or L858R point mutations) that are direct targets
of current TKIs. Therefore, comprehensive genomic profiling of the tumour tissue remains essential to guide treatment
decisions, even in carriers of the germline risk variant. The advances in targeted therapy for lung cancer continue to
evolve rapidly, making precise molecular characterisation indispensable.

The long-term implications of this finding extend beyond current treatment paradigms. For individuals identified as
carriers, the possibility of chemoprevention with EGFR inhibitors could be explored in future clinical trials. Such trials
would need to carefully balance the potential benefits of reducing cancer risk against the risks of long-term TK| exposure,
including side effects and the development of resistance. Thisis a complex undertaking, but the magnitude of the risk
reduction offered by the germline variant makes it a compelling area for research.
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The broader impact of this research is on our understanding of lung cancer etiology. It reinforces the idea that lung
cancer is not asingle disease but a collection of molecularly distinct entities, each with its own risk factors and optimal
treatment strategies. For clinicians, this means moving beyond a simplistic view of smoking as the sole determinant of
lung cancer risk and embracing a genetically informed approach. The development of targeted ADCs for advanced lung
cancer further illustrates this shift towards precision medicine. For a comprehensive overview of oncology practice, the
Oxford Handbook of Oncology (4th ed) is an invaluable resource.

The open-label nature of some early studies on genetic risk factorsisan obvious caveat, asisthe challenge of generalising
findings from specific populations to broader ethnic groups. The trial was not powered to detect differencesin rare
genetic subgroups, and that gap matters for understanding the full spectrum of risk. Whether benefits of early detection
and targeted therapy extend to all never-smoking lung cancer patients remains unclear without further stratified studies.
The next step for research must involve large-scal e prospective studies to validate the penetrance of this EGFR variant
across diverse populations and to establish clear guidelines for genetic testing and personalised screening protocols.
Without this, the clinical utility of thisimportant discovery will remain largely theoretical.

CLINICAL IMPLICATIONS

This finding fundamentally shifts how we should view lung cancer in never smokers. It moves beyond vague
notions of 'bad luck' or 'environmental factors' to a concrete genetic predisposition. Clinicians can no longer
dismiss these cases as oultliers; a significant subset of these patients carry a substantial, identifiable genetic
risk.

For general practitioners and specialists alike, this means a higher index of suspicion for lung cancer in never
smokers, especially those with a family history of the disease. While population-wide genetic screening for
this variant is not yet feasible, it highlights the need for a more aggressive diagnostic approach when a never
smoker presents with persistent respiratory symptoms. The traditional smoking-centric risk assessment is
simply inadequate for this group.

The pharmaceutical industry should take note. This germline variant represents a clear, high-risk population
that could benefit from novel chemopreventive strategies. Developing safe, long-term EGFR inhibitors for risk
reduction, rather than just treatment, could be a significant future market, but the regulatory pathway for such
an indication would be complex and require robust safety data.

This research highlights the imperative for precision medicine in oncology. Lung cancer is not a monolithic
disease, and our diagnostic and therapeutic strategies must reflect its molecular heterogeneity. This variant
is a stark reminder that some patients are predisposed to cancer through mechanisms entirely distinct from
lifestyle choices, demanding a more proactive clinical approach.
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