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Management After Resistance to First-Line 
Oral Targeted Therapy in Lung Cancer: 
The Superiority of Solid Tissue Rebiopsy and 
Implications for Targeted Therapy Sequencing 
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Epidermal growth factor receptor 
(EGFR)-mutant non–small cell 
lung cancer (NSCLC) accounts for 

a substantial proportion of advanced 
lung adenocarcinomas, with the exon 
21 L858R point mutation representing 
one of the two most common sensitis-
ing alterations. Osimertinib, a third-
generation EGFR tyrosine kinase inhibitor 
(TKI), is the preferred first-line therapy for 
advanced NSCLC harbouring common 
sensitising mutations (exon 19 deletions 
or exon 21 L858R). In the pivotal FLAURA 
trial, the median progression-free survival 
(PFS) with osimertinib was 18.9 months, 
substantially longer than that achieved 
with first-generation TKIs, establishing it 
as the standard of care.1 

Despite this benefit, virtually all 
patients eventually develop resistance. 

Resistance mechanisms are hetero-
geneous and include secondary EGFR 
mutations (most commonly C797S), MET 
amplification or overexpression, HER2 
amplification, histological transformation, 
and off-target alterations. Rebiopsy at the 
time of progression is therefore strongly 
recommended by expert consensus 
and guidelines to enable precision 
medicine.2,3

Limitations of liquid biopsy 
Liquid biopsy, whether circulating 
tumour DNA from plasma or cell-
free DNA/RNA from pleural fluid, 
offers a minimally invasive means of 
molecular profiling. Nevertheless, liquid 
approaches have important shortcom-
ings. Sensitivity is incomplete, particu-
larly for copy-number alterations such as 
MET amplification, which is systemati-
cally underestimated in plasma relative 
to tissue.2,4 False-negative rates can 
exceed 30% in some settings, necessi-
tating confirmatory tissue testing when 
liquid biopsy is negative.4 Pleural fluid 
cytology, while sometimes adequate for 
single-gene assays, frequently suffers 
from low cellularity, contamination by 
non-malignant cells, and insufficient 
material for comprehensive multigene 
next-generation sequencing (NGS) 
panels or concurrent histologic evalua-
tion. Consequently, liquid biopsy alone 
is insufficient for definitive resistance 
characterisation in many patients and 
should be viewed as complementary 
rather than definitive.4  

Solid tumour sampling remains the 
gold standard for molecular analysis after 
osimertinib resistance. Tissue provides 

simultaneous histologic assessment 
– critical for detecting small-cell or squa-
mous transformation – and more accu-
rately quantifies gene amplifications.2,4,5 
Endobronchial ultrasound-guided trans-
bronchial needle aspiration (EBUS-TBNA) 
is a particularly valuable technique: it is 
minimally invasive, can sample medias-
tinal or hilar nodes and primary lesions, 
and yields adequate material for both 
histopathology and broad NGS panels 
in the majority of cases, with diagnostic 
yields for molecular testing frequently 
exceeding 75–90% in published series.6 

Many experts advocate prioritis-
ing tissue whenever feasible because 
of its higher analytic accuracy for the 
full spectrum of resistance events.4,5,7 
By identifying an actionable target 
early, clinicians can introduce an oral or 
antibody-based therapy and postpone 
cytotoxic chemotherapy, which is associ-
ated with greater toxicity and cumulative 
myelosuppression. 

Case presentation 
A 77-year-old woman, lifelong non-
smoker, with a good Eastern Cooperative 
Oncology Group performance status 
of 0–1, presented in 2024 with adeno-
carcinoma of the lung harbouring the 
EGFR L858R mutation. Her past medical 
history was notable only for hypertension 
and dyslipidaemia; she had no significant 
comorbidities that would preclude sys-
temic therapy. First-line treatment with 
osimertinib 80 mg once daily was com-
menced and continued for 19 months 
without dose-limiting toxicity. 

In late 2025, she developed symp-
tomatic left pleural effusion. Therapeutic 
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pleural drainage was performed, followed 
by talc pleurodesis. Cytological examina-
tion of the pleural fluid confirmed recur-
rent adenocarcinoma of pulmonary origin 
(TTF-1 and Napsin A positive). Molecular 
analysis of the fluid by polymerase chain 
reaction–based assay detected only the 
original L858R mutation; T790M, C797S, 
ALK, ROS1, RET, NTRK fusions and MET 
exon 14 skipping mutations were all 
undetectable. 

Subsequent 18F-fluorodeoxyglucose 
positron emission tomography (PET)-
computed tomography (CT) demonstrated 
progressive disease characterised by 
enlargement of the primary left-upper-lobe 
mass, new pleural deposits, mediastinal 
lymphadenopathy (subcarinal and right 
lower paratracheal stations) and a solitary 
liver metastasis. The 19-month duration of 
osimertinib benefit was consistent with the 
median PFS reported in the FLAURA study. 

Because liquid biopsy had failed to 
identify a resistance mechanism, EBUS-
TBNA of a mediastinal lymph node was 
performed. Histology again confirmed 
adenocarcinoma of pulmonary origin. 
Programmed death-ligand 1 tumour 
proportion score was <1%. NGS of the 
solid-tissue specimen revealed concur-
rent EGFR L858R and L718V mutations, 
with no additional actionable alterations. 

After discussion of available 
options, including antibody–drug 
conjugates (sacituzumab tirumotecan), 

amivantamab plus chemotherapy 
(MARIPOSA-2 regimen) and afatinib, the 
patient elected to pursue oral targeted 
therapy over intravenous regimens. 
Afatinib was initiated at a reduced dose 
of 30 mg once daily in November 2025, 
taking into account the patient’s age and 
potential for gastrointestinal and cutane-
ous toxicity. 

Chest radiography performed 1 
week after commencement of afatinib 
already showed early reduction in the 
left-upper-lobe opacity; the improvement 
became more pronounced at 6 weeks 
(Figures 1). A restaging PET scan after 
4 months of continuous afatinib therapy 
confirmed a partial response according to 
the Response Evaluation Criteria in Solid 
Tumours, with metabolic regression of 
the primary tumour, mediastinal nodes 
and liver lesion (Figure 2, Figure 3). The 
patient remained clinically well, with only 
mild, manageable adverse events (Grade 
1 diarrhoea and paronychia). 

Discussion 
The presented case highlights the critical 
gap between clinical progression and 
molecular characterisation when relying 
solely on liquid biopsy. Although pleural 
fluid analysis confirmed the persistence 
of the original EGFR L858R mutation, it 
failed to detect any resistance mecha-
nism, leaving the clinical team without 
a target for subsequent therapy. Solid 

Figure 2. Positron emission 
tomography scan showing 
progression after first-line osimertinib, 
before treatment with afatinib.

Figure 3. PET scan after 4 months of 
afatinib second-line treatment. 

Figure 1. Left hilar mass (red arrow) progression after first-line osimertinib, before treatment with afatinib (A) and after 1 week 
(B) and 6 weeks (C) of afatinib second-line treatment.

A B C
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tissue rebiopsy via EBUS-TBNA offered 
the potential to identify actionable altera-
tions that could guide next-line targeted 
therapy – whether a second generation 
EGFR TKI, a MET inhibitor, or another 
precision agent – thereby preserving 
chemotherapy for later lines. 

The choice of rebiopsy modality 
should be guided by the site of acces-
sible disease, patient fitness and local 
expertise. EBUS‑TBNA is particularly 
advantageous for patients with medi-
astinal or hilar lymphadenopathy, as 
it provides both diagnostic and stag-
ing information in a single, minimally 
invasive procedure. For peripheral 
lesions, CT‑guided transthoracic biopsy 
or navigational bronchoscopy may be 
appropriate alternatives. Multidisciplinary 
collaboration between pulmonologists, 
interventional radiologists, pathologists 

and oncologists is essential to ensure 
timely and adequate tissue acquisition. 

Conclusion 
After progression on first‑line osimertinib, 
systematic rebiopsy, preferably of solid 
tumour tissue obtained by EBUS‑TBNA 
or other image‑guided techniques, should 
be prioritised over reliance on liquid 
biopsy alone. Accurate identification of 
the resistance mechanism enables selec-
tion of the most appropriate subsequent 
targeted agent, preserves chemotherapy 
for later lines, and optimises both sur-
vival and quality of life for patients with 
EGFR ‑mutant NSCLC. Multidisciplinary 
collaboration between pulmonologists, 
interventional radiologists, pathologists 
and oncologists is essential to ensure 
that high‑quality tissue is obtained and 
analysed promptly.
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The routine use of low-dose com-
puted tomography (CT) has led to 
a sharp increase in the detection of 

ground-glass opacities (GGOs). Because 
GGO-predominant lung adenocarcino-
mas (Figure 1A) exhibit distinct, indolent 
biological behaviour compared to solid 
tumours (Figure 1B), their clinical man-
agement requires an updated strategy 
focused on avoiding overtreatment while 
maintaining oncological survival.

Caveats of surveillance in 
Asian non-smokers 
Standard lung cancer screening guide-
lines target individuals aged over 50 
with a history of chronic heavy smoking, 
a demographic proven to benefit from 
surveillance.1-3 However, these tobacco-
centric criteria fail in Asian popula-
tions, where most female lung cancer 
patients are never-smokers4 and there 

is a predominance of adenocarcinoma.5 
Recent data confirm that Asian female 
non-smokers represent a distinct high-
risk cohort, with cancer detection rates 
approaching those of traditional smoking-
defined groups.6,7 Routine adoption of 
the international screening guidelines 
may risk underscreening of up to 81% 
cases.8 

Moreover, routine compliance 
with Western follow-up protocols, such 
as the 2017 Fleischner Society guide-
lines,9 is problematic in Asian patients. 
Because screening-detected GGOs can 
grow exceptionally slowly – with up to 
13% showing enlargement only after a 
decade10 – lesions that remain stable for 
5 years still warrant continued surveil-
lance.11 Aligning with this clinical reality, 
the National Comprehensive Cancer 
Network guidelines updated the follow-
up recommendation for screening-
detected GGOs to annual low-dose CT 
until the patient is no longer a candidate 
for curative-intent treatment.12 

Probability of malignancy: 
Radiology–pathology 
correlation 
Mathematical risk prediction models 
are frequently less reliable than direct 

radiology–pathology correlation for 
subsolid pulmonary nodules. Fine-cut 
imaging is mandatory; CT slices must be 
≤1.25 mm,9,13 as 5 mm cuts lead to inac-
curate morphology and density assess-
ments. Detailed CT evaluation of nodule 
size, morphology and density predicts 
histological subtypes: atypical adeno-
matous hyperplasia, adenocarcinoma 
in-situ, minimally invasive adenocarci-
noma or invasive adenocarcinoma.14-18 
Because static risk scores fail to account 
for the indolent growth dynamics of 
GGOs, tracking morphological changes 
over time on fine-cut imaging should 
remain the clinical standard for timing 
intervention. 

Scrutinise ‘routines’: 
Limited clinical utility of 
PET-CT and biopsy 
The ‘standard’ clinical workflow for 
suspected lung cancer involves patho-
logical confirmation, clinical staging, 
and physiological assessment before 
surgery. However, for GGO-predominant 
nodules with high pretest probability 
of malignancy, routine preoperative 
diagnostic tools add limited clinical 
value. Due to low cellular density and 
indolent proliferation, a low SUVmax 

Figure 1. GGO-predominant adenocarcinoma (A) carries distinct survival outcomes 
compared to the more solid counterparts (B). 

A B

GGO, ground-glass opacity 
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is inherently expected for subsolid 
malignant lesions.19,20 Furthermore, the 
probability of detecting systemic or nodal 
metastases on positron emission tomog-
raphy (PET) in this subgroup is extremely 
low.21 In Asia-Pacific regions, PET-CT 
carries significant false-negative rates for 
slow-growing neoplasms like early-stage 
adenocarcinoma, and the interpretation 
of the SUVmax value should be extremely 
cautious.22 Because it rarely alters the 
direction of clinical management, routine 
PET-CT for such cases should not be 
regarded as mandatory. 

Estimating adenocarcinoma his-
tological subtypes from non-operative 
biopsy specimens is unreliable23 and, 
for GGO-predominant nodules, often 
yielding false negatives or indeterminate 
results (eg, atypical cells) due to sampling 
error within lepidic or inflammatory areas. 
For nodules with a high probability of 
malignancy based on CT morphology, a 
non-surgical biopsy is unlikely to change 
the decision to operate if the nodule is 
suitable for surgical wedge biopsy.13,24 
Bypassing preoperative biopsy avoids 
unnecessary delays, costs and proce-
dural risks. 

De-escalation to sublobar 
resection and nodal 
omission 
The dogmatic preference for anatomical 
lobectomy over sublobar resection for 
“all lung cancers” originated from a ran-
domised trial published 3 decades ago.25 

Modern prospective trials unanimously 
demonstrate that for peripheral lung 
cancers under 2 cm, sublobar resection 
achieves survival outcomes equivalent to 
lobectomy while preserving pulmonary 
function.26,27 

For GGO-predominant lesions spe-
cifically, parenchymal-sparing resection 
is curative. The JCOG0804 trial reported 
a 100% 5-year overall survival rate for 
tumours ≤2 cm with consolidation-to-
tumour ratio (CTR) ≤0.25 treated primar-
ily with sublobar resection.28  

Consolidation-to-Tumour Ratio: 

 
Multiple cohorts confirm that wedge 
resection (Figure 2A) with an adequate 
macroscopic margin is curative for 
GGO-predominant nodules.28-31 Even for 
larger GGO-dominant tumours (2–3 cm, 
CTR ≤0.5), anatomical segmentectomy 
achieves a 98.0% 5-year recurrence-
free survival.32 Furthermore, routine 
systematic lymph node dissection can 
be omitted for clinical stage IA GGO-
predominant adenocarcinomas. The 
ECTOP-1009 study data confirm that the 
incidence of nodal metastasis in lesions 
with CTR ≤0.5 is statistically negligible.33 

Omitting lymph node clearance shortens 
operative time and avoids complications 
such as chylothorax and recurrent laryn-
geal nerve injury without compromising 

Figure 2. Intraoperative view of single-incision VATS wedge resection for GGO-
predominant lung cancer (A). Single-port (arrow) VATS reduces the access trauma (B). 

GGO, ground-glass opacity; VATS, video-assisted thoracic surgery 

staging accuracy or oncological safety. 
Single-incision video-assisted thoracic 
surgery further reduces the surgical 
access trauma (Figure 2B) and brings 
about better pain and physical function 
outcomes after discharge.34

Conclusion 
Contemporary management of GGO-
predominant lung adenocarcinoma is 
defined by the meticulous assessment 
of probability of malignancy, judicious 
use and interpretation of PET-CT and 
non-surgical biopsy tools, and adopting 
parenchymal-sparing sublobar resection 
with minimally invasive thoracic surgery.

A complete list of references can be downloaded from 
www.SOPHYSICIANSHK.org

Maximum diameter of
consolidationCTR=

Maximum total
nodule diameter
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Chronic obstructive pulmonary 
disease (COPD) is the third leading 
cause of death worldwide.1 Over the 

last two decades, the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) 
assessment method for COPD has evolved 
from a spirometry-centric approach to a 
multidimensional approach integrating 
symptoms and exacerbation history.2,3 

GOLD 2026 retains the ABE 
stratification, classifying patients into 
three groups to guide initial pharmaco-
therapy.4 Group A (low symptom burden, 
no moderate or severe exacerbations 
in the previous year) is managed with 
a bronchodilator – either a long-acting 
muscarinic antagonist (LAMA) or long-
acting β2-agonist (LABA); Group B 
(higher symptom burden but no recent 
exacerbations) with LABA/LAMA dual 
bronchodilation; and Group E (at least 
one moderate or severe exacerbation in 
the previous year, irrespective of symp-
tom burden) with LABA/LAMA, and 
consideration of LABA/LAMA/inhaled 

corticosteroids (ICS) triple therapy when 
blood eosinophil count (BEC) is ≥300 
cells/µL.4 The 2026 report emphasises 
earlier intervention, recognising that even 
one moderate exacerbation increases 
the risk of future exacerbations.4

Exacerbations remain a major 
cause of morbidity and mortality in 
COPD.5 Despite optimised triple therapy, 
many patients continue to experience 
exacerbations.6,7 This unmet need has 
driven the emergence of biologics as an 
add-on option, indicating a shift in COPD 
management strategies from a conven-
tional one-size-fits-all approach towards 
precision medicine.2,3 Reflecting this 
shift, biologics are now recommended 
as add-on therapy for inadequately con-
trolled eosinophilic COPD, with mepoli-
zumab added in GOLD 2026.3,4 

METREX and MATINEE: 
Mepolizumab for 
eosinophilic COPD
Eosinophilic inflammation occurs in up 
to 40% of COPD cases.8 Mepolizumab 
is a monoclonal antibody targeting 
interleukin-5 (IL-5), and reduces BECs 
and eosinophilic inflammation in COPD.8 
It is currently the only FDA-approved 
anti–IL-5 biologic as an add-on mainte-
nance treatment for adult patients with 
inadequately controlled COPD and an 
eosinophilic phenotype characterised 
by BEC ≥150 cells/µL.9 The US Food 
and Drug Administration (FDA) approval 
was based on the phase 3 METREX and 
MATINEE trials.6,10

METREX enrolled patients with a 
history of moderate or severe exacer-
bations receiving background inhaled 
glucocorticoid-based triple maintenance 
therapy.10 Mepolizumab significantly 
reduced the annual rate of moderate or 

severe exacerbations versus placebo 
in COPD patients with an eosinophilic 
phenotype (rate ratio, 0.82; 95% CI, 
0.68–0.98; p=0.04), although no 
significant difference was observed 
in the overall population.10 The time to 
first moderate or severe exacerbation 
was also significantly longer in the 
mepolizumab group compared with the 
placebo group (hazard ratio [HR], 0.75; 
95% CI, 0.60–0.94; p=0.04).10 A pre-
specified meta-analysis of patient data 
from METREX and METREO demon-
strated consistent results, with an 18% 
reduction in annual moderate or severe 
exacerbations among patients with BEC 
≥150 cells/µL at screening who received 
mepolizumab versus placebo (rate ratio, 
0.82; 95% CI, 0.71–0.95; p=0.006) 
and delayed time to first moderate or 
severe exacerbation (HR, 0.80; 95% 
CI, 0.68–0.94; p=0.006).11 Additionally, 
the meta-analysis demonstrated greater 
clinical benefit with increasing BECs, 
supporting BEC as a predictive biomarker 
for treatment response and informing 
patient selection for mepolizumab in 
clinical practice.11

The landmark MATINEE trial 
assessed the efficacy and safety of 
mepolizumab as an add-on treatment 
to background triple inhaled therapy in 
COPD patients with BEC ≥300 cells/µL.6 
In the MATINEE trial, mepolizumab 
demonstrated a statistically significant 
21% reduction in the annualised rate 
of moderate or severe exacerbations 
compared with placebo (rate ratio, 0.79; 
95% CI, 0.66–0.94; p=0.01).6 The time 
to first moderate or severe exacerbation 
was significantly longer in the mepoli-
zumab group compared with the placebo 
group (HR, 0.77; 95% CI, 0.64–0.93; 
p=0.009).6 Mepolizumab has also shown 
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a 35% reduction in the annualised rate 
of exacerbations resulting in emergency 
department (ED) visits and/or hospi-
talisation.6   Across both METREX and 
MATINEE trials, mepolizumab demon-
strated a favourable safety profile, with 
the incidence of adverse events similar in 
the mepolizumab and placebo groups.6,10

Pooled analyses: 
Mepolizumab efficacy 
across blood eosinophil 
thresholds
Two recent integrated analyses of the 
MATINEE, METREX and METREO 
trials confirmed the clinical benefits of 
mepolizumab in COPD patients with 
BEC ≥150 cells/µL (n=1,618) and ≥300 
cells/µL (n=1,146), respectively.12,13 In 
COPD patients with BEC ≥150 cells/µL at 
screening, mepolizumab demonstrated 
a statistically significant 18% reduction 
in annualised rate of moderate or severe 
exacerbations (rate ratio, 0.82; 95% CI, 
0.73–0.92; p=0.001) and a significant 
delay in the time to first moderate or 
severe exacerbation (HR, 0.80; 95% CI, 
0.70–0.90; p<0.001).12 

In COPD patients with BEC ≥300 
cells/µL, mepolizumab significantly 
reduced the annualised rate of moderate 

or severe exacerbations (rate ratio, 
0.79; 95% CI, 0.68–0.91; p=0.002) and 
delayed the onset of first exacerbation 
by 135 days compared with placebo (HR, 
0.72; 95% CI, 0.62–0.85; p<0.001).13 
The annualised rate of exacerbations 
requiring ED visit and/or hospitalisation 
was also significantly reduced (rate ratio, 
0.71; 95% CI, 0.51–0.98; p=0.038).13 
Significantly greater improvement in the  
St George’s Respiratory Questionnaire 
(SGRQ) total score was also observed 
compared with placebo (mean change 
from baseline, -2.2; 95% CI, -4.1 to 
-0.2; p=0.028) at week 52, suggesting 
improved health-related quality of life.13

Conclusion
Other biologics targeting the IL-5 path-
way, including benralizumab, have been 
studied in COPD but are not yet approved 
for COPD.14 Reslizumab, another mono-
clonal antibody targeting IL-5, has been 
approved for the treatment of severe 
eosinophilic asthma but not approved for 
COPD.14  Mepolizumab exemplifies the 
shift in the treatment paradigm of COPD, 
representing a viable add-on option for 
patients with eosinophilic COPD who 
continue to experience exacerbations 
despite optimal triple therapy.
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