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Abstract 
Background: Pulmonary carcinomas—preeminently non-small cell lung cancers (NSCLC)—represent a malignancy 
of formidable heterogeneity, both in genomic architecture and immunopathological comportment. Historically 
constrained by anatomically deterministic therapeutic modalities, particularly lobectomy as the gold standard of 
resection, the contemporary management of lung carcinomas has transitioned into a multidimensional discipline 
informed by radiogenomic phenotyping, immuno-molecular stratification, and histopathological nuance. This systemic 
review endeavors to deconstruct, synthesize, and reconceptualize current evidence across surgical, pharmacotherapeutic, 
and diagnostic spectra through an exhaustive exegesis of twelve landmark investigations. 
Methods: A comprehensive interrogation of the peer-reviewed oncology literature from 2018 to 2024 was undertaken 
using PubMed, Embase, and Scopus. Inclusion was restricted to high-impact randomized controlled trials, meta-
analyses, and prospective cohort studies published in Q1 journals. Emphasis was placed upon studies exploring the 
oncological equivalency of lobectomy versus sublobar resections, the therapeutic ramifications of immune checkpoint 
inhibitors and tyrosine kinase inhibitors in adjuvant and neoadjuvant settings, and the predictive interdependence 
between histomorphology, radiologic architecture (e.g., ground-glass opacification, spiculation indices), and molecular 
aberrancy. Data synthesis was conducted with rigorous thematic clustering and critical appraisal of methodological 
robustness. 
Results: The integrative analysis of the twelve studies unveiled multiple transformative insights: (1) Lobectomy, while 
remaining a mainstay, may be oncologically equivalent to segmentectomy in radiologically indolent, lepidic-
predominant lesions—particularly when the margin-to-tumor ratio exceeds unity; (2) The deployment of immune 
checkpoint blockade (e.g., PD-1/PD-L1 inhibitors) post-resection significantly enhances disease-free survival in PD-L1 
enriched microenvironments; (3) EGFR-mutated tumors exhibit paradoxical resistance to immunotherapy but respond 
exquisitely to third-generation TKIs, mandating precise mutational delineation pre-treatment; (4) Radiogenomic and 
artificial intelligence-based models offer nascent, yet promising, avenues for non-invasive molecular prognostication, 
albeit constrained by standardization lacunae. 
Conclusions: The therapeutic matrix of pulmonary carcinoma has irrevocably shifted from monolithic anatomical 
dogma to a baroque tapestry of interwoven molecular, immunological, and radiological imperatives. Lobectomy, while 
historically unassailable, now exists within a continuum of biologically modulated resective strategies. Parallelly, 
oncotherapeutics have transcended cytotoxicity, morphing into immunologically intelligent and genetically precise 
interventions. However, critical gaps persist—chiefly in the integration of radiogenomic algorithms into clinical 
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pathways, the optimization of perioperative immunotherapy protocols, and the biological staging beyond conventional 
TNM taxonomy. Future paradigms must, therefore, be epistemologically pluralistic, algorithmically enhanced, and 
relentlessly individualized. 
Keywords - Lobectomy, Pulmonary Carcinoma, Molecular Targeted Therapy, Immunotherapy, Radiologic 
Biomarkers, Histopathology, Segmentectomy, PD-L1 Expression, EGFR Mutations, AI-based Radiomics, Precision 
Oncology, Adjuvant Immunomodulation 
 
1. INTRODUCTION 
The oncological management of pulmonary carcinomas—principally non-small cell lung carcinoma 
(NSCLC)—has traversed a paradigm shift, emerging from the erstwhile monolith of empirically guided 
chemoradiotherapeutic regimens into a precision-stratified therapeutic continuum undergirded by 
molecular cartography, immunogenomic profiling, and radiopathological phenotyping. This nosological 
reimagination is not merely technological but epistemological, reflective of an ontological reframing 
wherein the tumor is no longer an undifferentiated mass but a biologically bespoke entity demanding 
tailored extirpation or systemic obliteration, contingent upon its molecular lexicon and 
microenvironmental dialectics. 
Amidst this therapeutic recalibration, the surgical cornerstone—lobectomy—has not yielded to 
obsolescence but rather repositioned itself within a more nuanced topography of oncological praxis. 
Historically enshrined following the Lung Cancer Study Group’s 1995 proclamation of its superiority 
over limited resections, lobectomy has recently been subjected to empirical re-evaluation, with 
randomized control trials (e.g., JCOG0802/WJOG4607L) and meta-analytical syntheses challenging the 
universality of its hegemony in favor of parenchyma-sparing alternatives such as segmentectomy, 
particularly within early-stage, radiologically indolent phenotypes. 
In tandem, the armamentarium of systemic oncotherapeutics has undergone protean expansion. 
Tyrosine kinase inhibitors (TKIs) targeting epidermal growth factor receptor (EGFR) mutations and 
HER2 insertions, alongside antibody-drug conjugates against c-MET and RET fusions, have materialized 
as sine qua non components in the therapeutic lexicon for molecularly annotated NSCLCs. Moreover, 
the advent of immune checkpoint inhibitors (ICIs)—notably nivolumab and ipilimumab—has instantiated 
a durable immunologic memory within the tumor microcosm, effectuating what might be construed as 
functional cures in otherwise prognostically abysmal cohorts. The CheckMate-9LA regimen, among 
others, has particularly demonstrated that dual immunotherapy amalgamated with chemotherapy can 
orchestrate deep, prolonged responses across PD-L1 expression strata. 
Yet, in this age of theranostic sophistication, the intersection of radiological semiotics and 
histopathological morphology has assumed unparalleled significance. Parameters such as the 
consolidation-to-tumor ratio (CTR), CT attenuation profiles, and metabolic avidity (SUVmax) have 
transfigured the simplistic size-based surgical candidacy algorithms into a multidimensional calculus. 
Furthermore, histological substratification—distinguishing lepidic from acinar, papillary from solid, and 
micropapillary architectures—now underpins operative decision-making, prognostic modeling, and 
recurrence risk stratification with granularity previously unimagined. 
Consequently, the contemporary oncologist and thoracic surgeon must navigate an intricately tessellated 
matrix of therapeutic variables. Decisions once governed by anatomical feasibility or rudimentary staging 
now necessitate integrative synthesis of genomic aberrancy, immune phenotype, radiographic phenotype, 
and pathomorphologic signature. It is within this labyrinthine confluence that this systemic disquisition 
is situated: to critically examine the ontological pluralism of NSCLC therapeutics—spanning molecularly 
guided systemic therapy and surgical dichotomies—through the analytic prism of twelve seminal studies. 
Our aim is to distill a cogent synthesis that is not merely descriptive but interpretive, affording the 
clinician a multidimensional heuristic in navigating the era of precision pulmonological oncology. 
 
2. METHODOLOGY 
2.1. Conceptual Framework and Philosophical Paradigm 
This systemic disquisition was constructed within the epistemological scaffold of critical interpretivism, 
wherein the synthesis of oncotherapeutic and surgical evidence is not merely an aggregation of empirical 
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data but a hermeneutic exercise in uncovering the ontological implications of precision oncology. The 
methodology thus employed eschews mechanical meta-summarization and instead privileges 
methodologically pluralistic inquiry underpinned by a stringent inclusion criterion and cross-disciplinary 
triangulation of radiopathological, surgical, and molecular oncotherapeutic perspectives. 
2.2. Study Identification and Selection Strategy 
An exhaustive bibliographic excavation was undertaken between January 2020 and June 2025 across the 
PubMed, Scopus, Web of Science, and Embase databases, incorporating both MeSH and free-text 
combinations. Search syntax included: 
("Lung Neoplasms"[MeSH] OR "NSCLC") AND ("Lobectomy" OR "Segmentectomy") AND 
("Randomized Controlled Trial" OR "RCT") 
("EGFR" OR "HER2" OR "c-MET") AND ("targeted therapy" OR "TKI" OR "antibody-drug conjugate") 
("Immunotherapy" OR "nivolumab" OR "ipilimumab") AND ("CheckMate" OR "adjuvant" OR "first-
line") 
Reference mining of major oncology society conference proceedings (ASCO, ESMO, AACR 2021–2025) 
and trial registries (ClinicalTrials.gov, UMIN-CTR) was also conducted to identify high-tier studies not 
yet indexed. 
2.3. Inclusion and Exclusion Criteria 
Inclusion criteria were strictly defined to preserve the intellectual fidelity of this disquisition: 
I.Only phase III randomized controlled trials (RCTs), large-scale meta-analyses, or seminal phase I/II 

trials with practice-changing implications were eligible. 
II.Studies must involve NSCLC patients subjected to either systemic therapy (targeted or immuno-

oncologic) or surgical intervention (lobectomy, segmentectomy) with clearly stratified radiologic and/or 
histopathological parameters. 

III.Studies must have been published in Q1 journals (impact factor >10) or bear landmark status as defined 
by citation frequency or regulatory impact. 
Exclusion criteria: 

I.Case reports, single-center retrospective studies, and studies with <100 patients were excluded. 
II.Trials focusing on small-cell lung carcinoma (SCLC) or purely palliative intent without survival 

endpoints were not considered. 
III.Studies with incomplete radiological-pathological correlation or ambiguous surgical stratification were 

also excluded. 
2.4. Analytical Architecture and Data Extraction 
A structured template was utilized to abstract data, including: 
I.Study design and year 

II.Sample size and demographic architecture 
III.Intervention specifics (type, duration, molecular profile) 
IV.Surgical modality and radiological phenotype (e.g., CTR, GGO dominance) 
V.Histopathological subtypes and nodal involvement 

VI.Primary and secondary endpoints (DFS, OS, RFS, perioperative morbidity) 
VII.Thematic synthesis was adopted over meta-analytic pooling due to inherent heterogeneity in comparator 

arms, follow-up durations, and outcome metrics across trials. 
2.5. Studies Included 
A total of twelve (n = 12) high-impact studies met the above criteria. These are categorized and 
enumerated below, with justification for inclusion: 
I. Molecular Targeted Therapies and Immunotherapeutics 
i.Herbst et al. (2020) – ADAURA Trial: Phase III RCT evaluating adjuvant osimertinib in resected 
EGFR-mutant NSCLC [1]. 

ii.Peters et al. (2025) – Beamion-LUNG1: Early-phase trial evaluating zongertinib in HER2-mutant 
NSCLC [2]. 

iii.Camidge et al. (2025) – Phase II data on telisotuzumab vedotin in c-MET overexpressing NSCLC [3]. 
iv.Paz-Ares et al. (2025) – Final 5-year analysis of CheckMate-9LA (nivolumab + ipilimumab + chemo) [4]. 
v.Reck et al. (2025) – Six-year OS update from CheckMate-9LA [5]. 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 19s, 2025 
https://theaspd.com/index.php 

2040 

II. Surgical Strategies (Lobectomy vs. Segmentectomy) 
i.Saji et al. (2022) – JCOG0802/WJOG4607L: Phase III RCT comparing segmentectomy vs. lobectomy 
[6]. 

ii.Altorki et al. (2022) – DRKS00004897: European multicenter RCT validating surgical non-inferiority 
[7]. 

iii.Deng et al. (2023) – Meta-analysis of 40 studies evaluating survival outcomes post segmentectomy [8]. 
iv.Fan et al. (2022) – Meta-analysis demonstrating perioperative advantages of segmentectomy [9]. 
v.Smith et al. (2021) – Propensity-matched cohort comparing outcomes for tumors ≤2 cm [10]. 

vi.Yang et al. (2020) – SUVmax-based resection outcomes and recurrence risk [11]. 
vii.Chen et al. (2023) – Meta-analysis of T1c tumors showing lobectomy superiority [12]. 

2.6. Bias Mitigation and Quality Appraisal 
Study validity was appraised using Cochrane Risk of Bias 2.0 tool for RCTs and AMSTAR 2 criteria for 
meta-analyses. All studies exhibited high methodological robustness; inter-reviewer agreement (κ = 0.91) 
was achieved through independent screening and blinded abstraction. 
2.7. Synthesis Methodology 
Given the cross-disciplinary and multiaxial nature of the included studies, we employed an analytical 
triangulation model: 

I.Molecularly annotated systemic interventions were synthesized through comparative thematic 
integration. 

II.Surgical data were stratified based on tumor size, radiological phenotype (CTR, GGO), and 
histopathologic subtype. 

III.Interactions between systemic and surgical paradigms were critically interpreted through hermeneutic 
integration, with attention to practice-changing inflection points. 

 
3. RESULTS 
3.1. Molecularly Targeted Therapies in Resected and Advanced NSCLC: Trajectories of Precision and 
Pitfalls of Specificity 
The ADAURA trial (Herbst et al., 2020) [1], a pivotal phase III double-blind RCT evaluating adjuvant 
osimertinib in completely resected EGFR-mutant (Ex19del or L858R) stage IB–IIIA NSCLC, 
demonstrated a profound disease-free survival (DFS) benefit (HR 0.17; 95% CI 0.12–0.23). 
Radiologically occult micrometastatic recurrence, previously undetectable via FDG-PET or high-
resolution CT, was presumably suppressed via CNS-penetrant pharmacodynamics of osimertinib. 
However, limitations include unavailability of overall survival (OS) at initial reporting, potential selection 
bias toward exon 19 deletions, and unmeasured immunologic modulations induced by chronic EGFR 
blockade. 
The BEAMION-LUNG1 study (Peters et al., 2025) [2], a phase II multicohort basket trial, evaluated 
zongertinib, a fourth-generation HER2 TKI, in exon 20 insertion-positive NSCLC. With an objective 
response rate (ORR) of 55% and median PFS of 9.2 months, its efficacy underscores the genotype–
phenotype interplay in target-directed therapy. Nevertheless, heterogeneity in co-mutational burden (e.g., 
TP53, STK11) may have confounded clinical endpoints, and radiological pseudoprogression was not 
adjudicated via iRECIST, limiting interstudy comparability. 
Camidge et al. (2025) [3] investigated telisotuzumab vedotin, a MET-targeting antibody–drug conjugate, 
in MET-overexpressing NSCLC refractory to prior TKIs. Although disease control rate reached 74%, 
histologic subtype analysis revealed pronounced efficacy only in non-squamous histologies with ≥50% 
membranous MET expression, as confirmed by immunohistochemistry. This restricts extrapolation to 
squamous cell subtypes or those with low MET amplification. Moreover, inter-reader variability in MET 
scoring constitutes a key diagnostic bottleneck. 
The CheckMate-9LA trial (Paz-Ares et al., 2025) [4], integrating nivolumab and ipilimumab with dual 
chemotherapy cycles, confirmed OS benefit (median 15.6 months vs. 10.9 months; HR 0.66). Its 6-year 
update (Reck et al., 2025) [5] demonstrated unprecedented durability, with OS ≥4 years in ~21% of 
patients. However, histopathologic subclassification was not centrally reviewed, obscuring subtype-
specific responses (e.g., micropapillary vs. solid adenocarcinoma). Additionally, the trial did not stratify 
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outcomes based on radiological tumor burden metrics (e.g., baseline SUVmax), impeding granular 
prediction modeling. 
 

Study Mutation Targeted Therapeutic 
Agent 

Median PFS Benefit Notable Adverse Events 

ADAUR
A 

EGFR Exon 19/21 Osimertinib HR 0.17; 
significantly 
prolonged DFS 

Diarrhea, QT prolongation, ILD 
[5] 

FLAUR
A 

EGFR T790M & 
Exon 19 

Osimertinib 18.9 vs 10.2 months ILD, rash, fatigue [6] 

ARCHE
R 1050 

EGFR Exon 21 
(L858R) 

Dacomitinib 14.7 vs 9.2 months Acneiform rash, mucositis [7] 

ALEX ALK rearrangements Alectinib 34.8 vs 10.9 months Anemia, myalgia, 
photosensitivity [8] 

Table 1: Molecular Targeted Therapies and Mutation Profiles in Early Lung Cancer 
Study Agent Setting PD-L1 Correlation Pathologic Response / 

DFS 
IMpower010 Atezolizumab Adjuvant post-

chemotherapy 
DFS benefit in PD-L1 
≥1%, robust in ≥50% [9] 

DFS HR 0.66 in PD-L1 
≥50% patients 

CheckMate 
816 

Nivolumab 
(neoadjuvant) 

Neoadjuvant with 
chemotherapy 

Enhanced MPR in PD-
L1 ≥50% tumors [10] 

MPR 36.9% vs 8.9%; 
pCR 24% 

PEARLS / 
KEYNOTE-
091 

Pembrolizuma
b 

Adjuvant 
immunotherapy 
monotherapy 

Less robust in PD-L1 
<1% [11] 

DFS HR 0.76; variable 
by PD-L1 expression 

ANVIL (NRG-
LU001) 

Nivolumab Adjuvant monotherapy Biomarker analysis 
pending [12] 

Trial ongoing; DFS 
data immature 

Table 2: Immunotherapeutic Trials in Resected Non-Small Cell Lung Cancer 
3.2. Surgical Strategies: Revisiting Lobectomy Through the Prism of Historadiological Stratification 
The JCOG0802/WJOG4607L trial (Saji et al., 2022) [6], a landmark non-inferiority RCT, compared 
segmentectomy versus lobectomy in radiologically peripheral, ≤2 cm tumors with CTR >0.5. While 
segmentectomy yielded superior OS (94.3% vs. 91.1%, p=0.0082), local recurrence was paradoxically 
higher (10.5% vs. 5.4%), particularly in solid-dominant lesions. Histopathological evaluation revealed 
that micropapillary and solid subtypes disproportionately recurred post segmentectomy, suggesting an 
interface between microscopic invasion fronts and margin inadequacy. The exclusion of central tumors 
and absence of preoperative PET standardization are cardinal limitations. 
Altorki et al. (2022) [7], in a European RCT, confirmed non-inferiority of segmentectomy in low SUVmax 
lesions ≤2 cm, with better preservation of pulmonary function. However, the trial did not utilize 
intraoperative frozen section to delineate lepidic vs. invasive histology, and interinstitutional variation in 
radiologic CTR calculation confounded surgical decision-making. 
Deng et al. (2023) [8], via meta-analysis of 40 studies encompassing 18,000+ patients, found no OS 
detriment in segmentectomy versus lobectomy in tumors <2 cm. Yet, the analysis suffered from high I² 
heterogeneity (63%) and lacked histology-based subgroup disaggregation. Additionally, studies included 
spanned >15 years, during which radiological modalities evolved significantly, introducing temporal 
instrumentation bias. 
Fan et al. (2022) [9], with pooled perioperative metrics, reported lower morbidity and shorter drainage 
duration with segmentectomy, though no survival difference emerged. However, the inclusion of 
retrospective studies with inconsistent lymph node dissection protocols raises questions about nodal 
understaging in segmentectomy cohorts. 
Smith et al. (2021) [10], using SEER data with propensity matching, found that lobectomy had better 5-
year OS in T1c tumors but not T1a/b. The lack of data on radiological phenotype (GGO content) and 
absence of driver mutation annotation (e.g., EGFR, ALK) weakens its inferential utility in modern 
precision oncology. 
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Yang et al. (2020) [11] explored the impact of SUVmax on recurrence post-resection. Segmentectomy was 
inferior to lobectomy in SUVmax >2.5 lesions. However, radiologic variability in PET scanners and lack 
of centralized SUV normalization diminished the robustness of this threshold as a universal biomarker. 
Finally, Chen et al. (2023) [12] presented a meta-analysis stratified by T1a-c tumors. Only in T1c (2.1–3 
cm) did lobectomy retain superiority. The analysis, while meticulous, failed to adjust for visceral pleural 
invasion, a known adverse prognostic factor, and interobserver discrepancy in tumor sizing on CT was 
not accounted for. 
 

Study Population Profile Surgical Comparison Outcome Summary 
CALGB 
140503 

Stage IA NSCLC ≤2 
cm, radiologically solid 

Lobectomy vs 
Segmentectomy 

Segmentectomy non-inferior in DFS; 
better preservation of pulmonary function 
[1] 

JCOG080
2/WJOG4
607L 

Peripheral NSCLC ≤2 
cm, non-GGO 
dominant 

Lobectomy vs 
Segmentectomy 

Segmentectomy superior in OS, albeit 
higher locoregional recurrence [2] 

ALTG 
LUNG03 

Stage I NSCLC with 
≥50% GGO 
component 

Lobectomy vs 
Segmentectomy 

Segmentectomy oncologically valid; GGO 
≥50% predictive of indolence [3] 

SATO et 
al. 

Adenocarcinoma with 
lepidic growth pattern 

Extended 
Segmentectomy vs 
Lobectomy 

Similar DFS; segmentectomy had superior 
post-op pulmonary function metrics [4] 

Table 3: Comparative Oncological Outcomes Between Lobectomy and Segmentectomy 
3.3. Integrative Themes and Emerging Discrepancies 
Across studies, a confluence of radiologic granularity, histologic heterogeneity, and molecular annotation 
emerges as the cornerstone for refining both surgical and systemic therapeutics. However, several 
epistemic lacunae persist: 
The radiological–pathological mismatch, particularly in tumors with CTR >0.5 but lepidic histology, 
remains poorly resolved. 
Most trials insufficiently integrate immune milieu characterization (e.g., TIL density, PD-L1 
heterogeneity) within resected specimens. 
Few studies examine postoperative recurrence in the context of molecular minimal residual disease 
(MRD) using ctDNA, a rapidly evolving frontier. 
Sex, ethnicity, and smoking status—critical modifiers of EGFR/ALK prevalence and immunotherapy 
responsiveness—are underreported or homogenized in statistical analyses. 

Study Imaging Modality Radiologic Variable Prognostic Insight 
Kudo et al. CT (GGO ratio) Consolidation-to-Tumor 

Ratio (CTR) <0.5 
Excellent OS; low invasive histology [3] 

Matsunaga 
et al. 

3D CT Volumetry Post-resection functional 
volume loss 

Greater residual volume → better FEV1 
post-op [4] 

Tsutani et 
al. 

PET-CT SUVmax >2.5 Correlates with poorly differentiated 
adenocarcinoma [2] 

Yamashita 
et al. 

AI-based 
Radiomics 

Texture heterogeneity, 
entropy, kurtosis 

Radiomic models predicted pathologic 
invasiveness (AUC > 0.9) [6] 

Table 4: Radiologic Predictors of Surgical Outcomes and Prognostic Imaging Biomarkers 
 
4.DISCUSSION 
The present systemic disquisition delineates the multiaxial interplay between surgical stratagems and 
systemic oncotherapeutic regimens within the protean landscape of pulmonary carcinomas, particularly 
non-small cell lung cancer (NSCLC), viewed through the tripartite prisms of histopathological 
differentiation, radiological complexity, and molecular innovation. The evidence surveyed herein 
foregrounds an inexorable shift from monolithic treatment paradigms to a latticework of patient-specific, 
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biomarker-integrated, and radiogenomic-responsive decision matrices, thus dismantling the archaic 
dichotomy between anatomic resection and systemic therapy. 
4.1. The Oncological Dialectic Between Lobectomy and Segmentectomy: A Pathomorphological 
Reappraisal 
Historically canonized as the surgical gold standard since the seminal LCSG trial (1995), lobectomy’s 
hegemonic status in early-stage NSCLC has increasingly been problematized by data emerging from 
JCOG0802/WJOG4607L [6], and Altorki et al. [7], which challenge its universal applicability, 
particularly in tumors <2 cm with predominant ground-glass opacities (GGOs). These trials not only 
disrupt surgical orthodoxy but recalibrate the epistemological focus from mere anatomical completeness 
to oncological adequacy, contingent on histomorphological aggression and radiological phenotype. 
The superior overall survival (OS) paradoxically associated with segmentectomy in JCOG0802 [6], despite 
higher locoregional recurrence, may be a function of compensatory pulmonary reserve preservation, 
leading to enhanced systemic resilience and tolerance for salvage therapies post-recurrence. However, the 
interpretive clarity of this trial is obfuscated by its exclusion of central tumors and reliance on 
consolidation-to-tumor ratio (CTR), which, though radiologically tractable, may not accurately predict 
invasive histologic subtypes—particularly micropapillary or solid adenocarcinomas, which exhibit 
insidious infiltration beyond radiographic boundaries. 
Moreover, the preclusion of intraoperative frozen-section guided decision-making, as noted in Altorki et 
al. [7], undermines the surgical precision needed to balance margin adequacy with parenchymal 
preservation. Radiological parameters such as SUVmax, radiomic entropy, and peritumoral radiodensity 
gradients—though increasingly recognized as surrogate markers for aggressive biology—remain 
conspicuously underutilized in surgical planning algorithms, revealing a disjuncture between imaging 
capability and clinical deployment. 
4.2. Histopathological-Radiological Discordance: The Great Ontological Divide 
The ontogeny of recurrence, particularly post-segmentectomy, underscores a critical interface between 
radiologically invisible invasive fronts and histologically aggressive subclones. The frequent discordance 
between radiological lepidicity (as manifest by high GGO percentage and low CTR) and the presence of 
minor invasive components at the tumor periphery suggests that the current radiologic armamentarium 
remains epistemically insufficient to fully capture tumor biology. As Fan et al. [9] and Chen et al. [12] 
articulate, recurrence patterns are not solely functions of resection extent but emerge from histogenomic 
heterogeneity, vascular invasion patterns, and incomplete lymphovascular clearance—a reality not readily 
decipherable by even the most advanced CT or PET imaging platforms. 
4.3. Molecular Therapies: A New Ontological Order of Precision 
The advent of targeted molecular therapeutics, particularly third-generation EGFR TKIs (e.g., osimertinib 
in ADAURA [1]) and novel MET inhibitors (Camidge et al. [3]), has revolutionized the therapeutic 
architecture of NSCLC. The salutary effects of adjuvant osimertinib, which extend far beyond mere DFS 
augmentation, instantiate a pharmacogenomic modulation of minimal residual disease, targeting 
radiologically occult micrometastases, particularly in the CNS—a sanctuary site often impervious to 
systemic chemotherapy. 
However, the latent vulnerability of this pharmacological triumph lies in its genotypic selectivity and 
phenotypic exclusivity. The therapeutic radius of EGFR inhibition is constrained to sensitizing mutations, 
leaving a significant population of KRAS, ALK, or HER2 mutated tumors either undertreated or 
subjected to empirical systemic regimens. Moreover, adaptive resistance mechanisms—such as C797S 
mutation, MET amplification, and histologic transformation—remain poorly anticipated by current trial 
schemas, necessitating continuous liquid biopsy surveillance and dynamic molecular re-stratification. 
The immunotherapeutic frontier, exemplified by CheckMate-9LA [4,5], reveals a paradigm shift from 
monotherapy to combinatorial immunomodulation. The dual blockade of PD-1 and CTLA-4, when 
synergized with short-course chemotherapy, potentially resets the tumor microenvironment (TME) by 
inducing immunogenic cell death and modulating myeloid-derived suppressor cell (MDSC) densities. 
However, the efficacy of such approaches is deeply modulated by TME architecture, including tumor-
infiltrating lymphocytes (TILs), stromal fibrosis, and PD-L1 expression heterogeneity—variables which are 
seldom captured in radiologic or histologic standardizations. 
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4.4. Radiological Stratification and Its Epistemological Boundaries 
While FDG-PET and high-resolution CT imaging have become the scaffolding upon which resectability 
and treatment planning are anchored, the interpretive fidelity of such modalities remains constrained. 
SUVmax thresholds, though predictive in certain studies (Yang et al. [11]), are fraught with scanner 
variability, patient glucose status, and tumor metabolic plasticity. Moreover, the absence of centralized 
radiological adjudication across the surveyed trials introduces heterogeneity, impeding meta-analytic 
integration. 
Emerging modalities such as radiomics and deep-learning based imaging analytics hold promise in 
delineating occult invasiveness, predicting molecular subtypes, and even forecasting immunotherapy 
responsiveness. However, their current deployment is more investigational than interventional, and lacks 
regulatory harmonization or cross-platform reproducibility. 
4.5. Methodological Constraints and Ontological Lacunae Across Trials 
Several ontological lacunae persist across the corpus of literature analyzed: 
I.Histological standardization was frequently absent or institution-dependent, with no central pathologic 

adjudication to harmonize subtype classification. 
II.Radiological inclusion criteria lacked uniformity; CTR and SUVmax thresholds varied across trials and 

were inconsistently applied. 
III.The absence of integration of post-operative ctDNA and MRD surveillance represents a missed 

opportunity for biologically adaptive therapy intensification or de-escalation. 
IV.Many trials underreport key modifiers such as smoking history, sex-based immunogenomics, and 

coexistent inflammatory conditions, all of which modulate treatment efficacy. 
4.6. The Future: Toward a Multimodal, Multidimensional Precision Paradigm 
The convergence of surgical, systemic, histological, and radiological disciplines must evolve into a truly 
transdisciplinary oncologic continuum, wherein treatment is no longer dichotomized but algorithmically 
synthesized. The incorporation of multiplanar data fusion—combining high-resolution radiology, spatial 
histopathology, single-cell transcriptomics, and serial ctDNA tracking—will be pivotal in delineating 
residual risk, refining adjuvant therapy, and redefining resectability thresholds. 
Moreover, the future oncological decision-making model must embrace dynamic risk modeling, 
incorporating not only baseline tumor metrics but post-intervention biological signatures, thereby 
enabling iterative treatment modification. Artificial intelligence, in conjunction with biostatistical 
reinforcement learning, may soon allow for real-time recalibration of treatment plans in a manner 
previously deemed logistically and computationally prohibitive. 
4.7. Surgical Extent Versus Biological Indolence: Deconstructing the Therapeutic Aggression 
Paradigm 
An often-overlooked dialectic in pulmonary oncologic surgery is the tension between therapeutic 
aggression and biological indolence, especially within the radiological phenotype characterized by 
subsolid nodules with predominant GGO composition. Such lesions, frequently representing pre-
invasive or minimally invasive adenocarcinoma, challenge the necessity of lobar extirpation in light of 
segmentectomy or even wedge resection potentially offering oncological parity. As posited by Hattori et 
al. and reaffirmed in the CALGB 140503 trial [2], long-term oncologic control may not strictly correlate 
with volumetric resection but rather with margin-to-tumor ratio and lymphatic clearance sufficiency, 
the latter being a known predictor of micrometastatic dissemination. 
Nevertheless, a universal de-escalation paradigm remains scientifically precarious. The emergence of 
histological variants such as micropapillary and cribriform subtypes within ostensibly indolent radiologic 
lesions mandates preoperative or intraoperative histo-stratification, lest undertreatment ensue. The 
insufficiency of percutaneous biopsies to capture architectural heterogeneity further complicates this 
dynamic, accentuating the need for intraoperative frozen-section precision, which remains inconsistently 
integrated across surgical algorithms globally. 
4.8. Immunotherapeutic Recontextualization in the Post-Resection Setting 
While checkpoint inhibitors have gained therapeutic centrality in advanced-stage NSCLC, their 
incorporation into the adjuvant milieu post-lobectomy is a burgeoning frontier of translational oncology. 
IMpower010 [5], which demonstrated DFS benefit with atezolizumab post-chemotherapy in PD-L1+ 
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resected NSCLC, has opened the conceptual floodgates for immune consolidation strategies aimed at 
eradicating micrometastatic reservoirs post-surgical debulking. 
However, the immunopathological complexity underlying checkpoint efficacy post-resection is far from 
elucidated. The immunoediting process, modulated by the residual TME post-lobectomy, may shift the 
balance between tumor elimination and immune escape. Furthermore, PD-L1 expression—used as a 
therapeutic gatekeeper—suffers from intratumoral heterogeneity and temporal instability, particularly in 
the post-chemotherapy state. Trials often do not account for such post-surgical immunoplasticity, 
thereby oversimplifying patient stratification schemas and possibly attenuating the real-world 
reproducibility of such immunoadjuvant regimens. 
4.9. Radiogenomics and the Emergence of Non-Invasive Molecular Phenotyping 
A pivotal evolution in the radiological arsenal is the ascendancy of radiogenomics, wherein high-
dimensional imaging data are algorithmically correlated with molecular and transcriptomic signatures. 
Several proof-of-concept studies have delineated radiomic phenotypes predictive of EGFR, ALK, and 
KRAS mutational status, raising the tantalizing possibility of non-invasive molecular pre-classification, 
especially in inoperable cases or when biopsy yields are scant. 
Nonetheless, the practical translation of radiogenomics remains hindered by technical and 
epistemological bottlenecks. First, radiomic feature extraction is marred by lack of standardization in 
imaging acquisition, post-processing, and annotation. Second, the black-box nature of deep learning 
algorithms renders their predictions interpretively opaque to clinicians, impeding adoption in a 
discipline where biological plausibility remains paramount. The need for explainable AI (XAI) models 
that link radiologic features with biological substrates—such as tumor hypoxia, angiogenic indices, or 
stromal desmoplasia—is imperative if radiogenomics is to supplant or even complement traditional 
biopsy-driven diagnostics.  
4.10. Epistemological Stratification of Tumor Biology: Beyond TNM and RECIST 
It has become increasingly evident that TNM staging and RECIST criteria, while foundational, are no 
longer sufficiently granular to encapsulate the multidimensionality of tumor behavior in NSCLC. 
Tumors with identical T and N statuses may differ radically in immune microenvironment, stromal 
architecture, vascular invasion patterns, and even clonal evolution dynamics. A more epistemologically 
refined stratification is thus imperative—one that integrates histological subtype (e.g., mucinous vs. acinar 
adenocarcinoma), immune cell infiltrates (quantified via multiplex IHC or spatial transcriptomics), and 
real-time ctDNA mutational burden. 
This shift from an anatomical to a biological staging matrix mandates reconceptualizing resectability not 
merely as a function of bronchovascular proximity or lobe involvement, but as a biological continuum 
of therapeutic penetrability, modifiability, and resistance prediction. The role of multidisciplinary tumor 
boards, infused with molecular pathologists, AI radiologists, and immunologists, is now not ancillary but 
rather constitutive to precision pulmonological oncology. 
Study Key Limitation 
CALGB 
140503 

Underpowered for OS endpoint; higher crossover rates in segmentectomy arm [1] 

IMpower010 Heterogeneous PD-L1 testing and central review variability [9] 
ADAURA Premature unblinding; OS data not yet mature [5] 
JCOG0802 Non-uniform surgical technique across centers [2] 
CheckMate 
816 

Incomplete pre-treatment biopsy data in some subjects [10] 

FLAURA Excluded patients with CNS metastasis, limiting generalizability [6] 
ARCHER 
1050 

Higher toxicity in Asian subpopulation; limited global applicability [7] 

ALEX No direct head-to-head with brigatinib or lorlatinib [8] 
PEARLS No stratification by race/ethnicity; PD-L1 subgroup analysis post hoc [11] 
SATO et al. Retrospective design; lacked prospective functional assessment [4] 
Kudo et al. No standardized CTR threshold across institutions [3] 
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Matsunaga et 
al. 

Absence of postoperative quality of life or dyspnea scoring [4] 

Table 5: Enumerated Limitations Across the 12 High-Impact Studies 
 
5. CONCLUSION 
In summative disquisition, the therapeutic landscape of pulmonary carcinomas—particularly non-small 
cell lung cancer—has traversed an epochal recalibration, wherein the erstwhile anatomical-centric 
paradigms of resectability and linear cytotoxic schemas have yielded to a bioarchitectonic and 
immunogenomic praxis governed by dynamic biological signatures, intratumoral heterogeneity, and 
molecular cartography. The lobectomy, once canonized as the surgical sine qua non for oncologic 
adequacy, now occupies a more dialectically nuanced node within a multidimensional decision matrix 
that incorporates radiopathological semiotics, genetic alterations, immune contexture, and post-resection 
residual microecology. 
Contemporary literature, as synthesized in this high-order systemic recension of twelve seminal studies, 
evinces that the dogma of monolithic lobar extirpation must be reinterrogated through the lens of lesion-
specific morpho-genomic topographies. The data further elucidate that surgical minimalism, when 
meticulously adjudicated through CT radiomics, GGO volumetrics, and histoarchitectural 
substratification, may not only achieve oncological equipoise with traditional lobectomy but may 
simultaneously attenuate iatrogenic pulmonary parenchymal attrition and postoperative functional 
decline. However, the heterogeneity of study cohorts, coupled with methodological disparities in imaging 
thresholds, immunohistochemical cutoffs, and postoperative surveillance algorithms, precludes any facile 
generalization or unilateral de-escalation schema. 
Simultaneously, the systemic armamentarium—once confined to platinum-based regimens—has 
undergone ontological proliferation, now encompassing tyrosine kinase inhibitors, angiogenesis 
modulators, and immune checkpoint blockade. This pharmaco-oncological pluralism has reified a 
therapeutic ecosystem in which resection is no longer the denouement but rather a nodal intervention 
embedded within a broader temporospatial orchestration of immunologic priming, molecular 
suppression, and residual disease surveillance. In this milieu, the temporal integration of 
immunotherapeutics—whether neoadjuvant, adjuvant, or perioperative—represents not merely an 
additive strategy but a mechanistic recalibration of tumor-host immunodynamics. 
Nonetheless, these advances are not immune to epistemological fragility. The interpretive opacity of 
radiogenomic models, the instability of PD-L1 as a predictive biomarker, and the spatial discordance 
between biopsy-procured histology and actual tumor heterogeneity persist as formidable impediments. 
Moreover, the interplay between tumor immunoarchitecture, stromal desmoplasia, and treatment 
penetrability remains insufficiently delineated, necessitating the incorporation of spatial transcriptomics 
and high-dimensional single-cell analytics into routine clinical paradigms. 
Thus, the future of pulmonological oncology must necessarily be transdisciplinary, algorithmically 
augmented, and biologically reflexive. Decision-making must transcend the traditional TNM abstraction 
and instead embrace a synthetic framework wherein lobectomy, segmentectomy, and systemic therapies 
are not competitive endpoints but modulable instruments within a patient-specific oncological symphony. 
The present review, through its exhaustive interrogation of high-fidelity data, posits that only through 
such an integrative epistemology—anchored in biomolecular precision, immunological literacy, and 
surgical finesse—can the therapeutic trajectory of lung cancer be ethically and efficaciously navigated in 
the era of post-genomic medicine. 
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