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Abstract 

 

 

Background: Systemic intensification strategies improve outcomes in advanced EGFR-mutated 

non-small cell lung cancer (NSCLC) but increase toxicity. Integrating local ablative therapy (LAT) 

with first-line EGFR tyrosine kinase inhibitor (TKI) monotherapy represents an alternative approach 

to enhance disease control while preserving long-term tolerability. 

Methods: MEDLINE, Embase and Elicit were searched through December 2025. The protocol was 

registered in PROSPERO (CRD420251244650). Randomised and non-randomised comparative 

studies evaluating EGFR TKI with or without LAT integrated into first-line treatment, either upfront or 

as consolidative therapy, were included in quantitative meta-analyses. Single-arm and non-

comparative studies were analysed descriptively. HRs were pooled using random-effects models. 

Prespecified subgroup analyses explored: disease burden, LAT timing, study design (prospective vs 

retrospective), LAT site, and TKI generation. 

Results: Thirty-one studies met inclusion criteria, including 24 comparative studies (6 randomised, 

2 prospective non-randomised and 16 retrospective). LAT integration significantly improved 

progression-free survival (HR 0.45, 95%CI 0.37–0.55) and overall survival (HR 0.52, 95%CI 0.40–

0.67) versus EGFR TKI alone. Benefits were consistent across oligometastatic and unselected 

populations, upfront and consolidative strategies, LAT sites (primary tumor +/- metastatic sites), TKI 

generations, and prospective/retrospective studies. Radiotherapy-related toxicities, particularly 

pneumonitis, were more frequent with LAT, but grade ≥3 events were uncommon and no unexpected 

safety signals emerged. 

Conclusions: Across a heterogeneous evidence base, integrating LAT into first-line EGFR TKI 

therapy is associated with improved PFS and OS with acceptable toxicity. These findings support 

further prospective investigation to better define patients election, optimal timing, and integration with 

contemporary systemic combination strategies.  

 

Keywords: EGFR-mutated NSCLC; EGFR TKI; local ablative therapy; stereotactic radiotherapy; 

oligometastatic disease; first-line treatment 
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INTRODUCTION 

The first line therapeutic landscape of advanced epidermal growth factor receptor (EGFR) positive 

non-small cell lung cancer (NSCLC) is undergoing a profound transformation1.  

Third generation EGFR tyrosine kinase inhibitors (TKIs), in particular osimertinib, have established 

a long-standing standard of care by combining durable disease control with a favourable safety 

profile2. More recently, the field has entered an era of systemic treatment intensification. Randomised 

trials such as FLAURA2 and MARIPOSA have demonstrated that combining osimertinib with 

platinum-based chemotherapy or pairing the EGFR TKI  Lazertinib with dual EGFR-MET blockade 

(amivantamab) significantly prolongs progression free survival (PFS) and overall survival (OS) 

compared with osimertinib alone3,4. These strategies, however, are associated with increased 

toxicity, greater treatment complexity, and a higher burden on patients and health care systems, 

raising important questions regarding patient selection, long term tolerability, and real-world 

feasibility5. As a result, the contemporary debate in EGFR-positive NSCLC increasingly revolves 

around the balance between escalation to maximise efficacy and de-escalation to preserve quality 

of life and long-term treatment sustainability5. 

Within this evolving scenario, a potential third therapeutic pathway has progressively emerged,  

conceptually positioned between systemic intensification and therapeutic minimalism: the integration 

of local ablative therapies (LATs) in combination with EGFR TKI monotherapy6.  

This pragmatic approach is not new in clinical practice, as local treatments are employed to treat 

oligoprogressive disease in patients with oncogene addicted NSCLC6. In EGFR-positive NSCLC 

randomised and prospective comparative studies have demonstrated that the addition of local 

ablative radiotherapy to EGFR TKI therapy significantly improves PFS, particularly when employed 

upfront as part of the first-line strategy or as consolidative treatment after initial response or disease 

stabilisation7,8. While early trials focused almost exclusively on oligometastatic populations, more 

recent investigations, including the phase II NORTHSTAR trial, have extended this concept beyond 

strictly defined oligometastatic disease, suggesting that local consolidation may confer benefit even 

in broader, unselected patient populations9. 

However, the effect of this approach has historically been difficult to quantify, being strongly 

influenced by interpatient heterogeneity in disease burden, timing of intervention, site of treatment, 

and radiation technique, predominance of retrospective or single arm experiences10, as well as the 

lack of dedicated phase III trials with 3rd generation TKIs.  As a result, the evidence remains 

methodologically fragmented, and the extent and consistency of clinical benefit across disease 

subsets and treatment strategies have yet to be systematically quantified. 

For these reasons, we conducted a systematic review and meta-analysis of studies investigating 

EGFR TKI monotherapy combined with LATs in advanced EGFR-positive NSCLC, to inform current 
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clinical decision making and guide the design of future multimodality treatment strategies in this 

rapidly evolving disease. 

 
 

METHODS 

Eligibility criteria 

We included studies enrolling adult patients (≥18 years old) with histologically or cytologically 

confirmed advanced or metastatic NSCLC harbouring activating EGFR mutations, including both 

common and uncommon variants. Eligible disease stages included stage III (not amenable to 

curative surgery or chemoradiation) or stage IV disease  

Eligible interventions consisted of EGFR TKI monotherapy, including first generation agents 

(gefitinib, erlotinib, icotinib), second generation agents (afatinib, dacomitinib), and third generation 

agents (osimertinib, lazertinib, aumolertinib, furmonertinib), combined with LAT.  

For the purpose of this review, LAT was defined primarily as ablative intent radiation therapy, 

including stereotactic body radiotherapy (SBRT), stereotactic ablative radiotherapy (SABR), 

stereotactic radiosurgery (SRS), and ablative intent hypofractionated or conventionally fractionated 

radiotherapy delivered to thoracic or metastatic sites. Whole brain radiotherapy (WBRT) was 

included only in studies where patients treated with WBRT were reported within pooled LAT cohorts 

and could not be analyzed separately from other local modalities, whereas studies evaluating purely 

palliative radiotherapy as a standalone intervention were excluded.  

Other ablative local techniques were also eligible, including surgical resection and interventional 

radiology procedures such as thermal ablation when clearly integrated within an EGFR TKI based 

strategy. LAT could be delivered as part of the first line treatment strategy, either upfront along with 

EGFR TKI monotherapy, or as consolidative treatment following an initial induction phase of EGFR 

TKI monotherapy, in patients achieving partial response or stable disease.  

No baseline restriction was applied with regard to oligometastatic versus non-oligometastatic or 

unselected disease burden. 

LAT could be delivered to any site of disease and was not required to be planned to all irradiable 

lesions. 

For randomised and non-randomised comparative studies, the comparator was EGFR TKI 

monotherapy alone. Single arm studies reporting outcomes of EGFR TKI plus LAT without an 

internal comparator, and any comparative studies without hazard ratio (HR) estimates were included 

in a descriptive analysis only. 

Randomised controlled trials (RCTs) evaluating EGFR TKI with or without local ablative therapy 

(LAT) were included across all lines of treatment, reflecting their higher level of evidence. 

Conversely, non-randomised prospective or retrospective comparative studies were restricted to 

first-line EGFR TKI strategies, together with single-arm interventional trials and observational studies 

reporting outcomes of EGFR TKI plus LAT in the first-line setting. We excluded reports on single 
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case studies, case series with fewer than 10 patients, registry-based analyses and retrospective 

observational studies not fulfilling inclusion specifications. Studies in which the independent 

contribution of LAT could not be isolated, studies integrating radiotherapy without an EGFR TKI 

backbone, early stage or curative intent settings, and studies investigating LAT delivered to treat 

oligoprogressive disease were excluded as well. Duplicate or redundant publications were excluded. 

 Studies were eligible if they reported at least one efficacy outcome (PFS and/or OS). Safety 

outcomes, including treatment-related adverse events.  were reported descriptively.  

 

Information sources, search strategy and selection process 

To maximise sensitivity and minimise the risk of missing eligible studies, a systematic literature 

search was conducted in MEDLINE (via PubMed) and EMBASE. The search was restricted to 

English language publications and covered the period from database inception to December 2025 

and used a combination of controlled vocabulary (MeSH and Emtree) and free text terms related 

available as supplementary material. 

In addition to traditional bibliographic databases, we employed Elicit, an AI-based search engine 

specifically developed to support systematic evidence retrieval11. A structured query reflecting the 

MEDLINE search strategy was uploaded in Elicit, which generated an additional set of 500 potentially 

relevant records. These results were exported and merged with the MEDLINE and EMBASE 

repositories, creating a unified database for screening. 

Prior to title and abstract screening, the combined dataset underwent automated and manual 

deduplication. Titles and abstracts were screened independently by two reviewers (LB, GC). Full 

texts of potentially eligible articles were retrieved and assessed independently against predefined 

eligibility criteria. Screening results were merged, and discrepancies resolved through consensus or 

by arbitration from a senior reviewer (AC). When multiple publications reported overlapping patient 

cohorts, the most complete or most recent dataset was retained. The study selection process is 

reported using a PRISMA 2020 flow diagram.  

 

Data collection process and risk ofw bias assessment 

Data were extracted independently by two reviewers (LB, CG) using a pre piloted data extraction 

form. The following variables were collected: study design, phase, country and sample size, patient 

characteristics including EGFR mutation type when available, number and site of metastases, EGFR 

TKI regimen including agent, generation and line of therapy. LAT characteristics including modality, 

dose and fractionation when reported, timing (upfront, consolidative, oligoprogressive), and 

treatment site (primary tumour, metastatic lesions, brain), outcomes including PFS, OS, safety, and 

HRs with corresponding 95% confidence intervals (CIs).  

The risk of bias assessment was conducted for all randomised and non-randomised comparative 

studies included in the quantitative meta-analyses. Randomised controlled trials were assessed 
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independently by two reviewers (LB, GC) using the Cochrane Risk of Bias 2 (RoB 2) tool, which 

evaluates bias across predefined domains including the randomisation process, deviations from 

intended interventions, missing outcome data, outcome measurement, and selection of the reported 

result. Non-randomised comparative studies were assessed independently by the same reviewers 

using the Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I) tool, which evaluates 

bias due to confounding, participant selection, classification of interventions, deviations from 

intended interventions, missing data, outcome measurement, and selective reporting. Discrepancies 

between reviewers were resolved through discussion or, when necessary, by adjudication from a 

senior reviewer (AC). 

Studies included in the descriptive analysis only were not subjected to formal risk of bias 

assessment, as they did not contribute to pooled effect estimates. 

 

Data synthesis  

For RCTs and non-randomised comparative studies, all available efficacy and safety outcomes were 

extracted and reported in full detail, with the highest possible level of numerical precision, in order to 

support quantitative synthesis and comparative interpretation. 

For non-comparative and single arm studies, given the substantial methodological and clinical 

heterogeneity in study design, patient selection, timing and modality of LAT, and outcome reporting, 

results were summarised descriptively using a concise and synthetic reporting approach. These 

studies were used to characterise treatment strategies, timing patterns and outcome ranges, but 

they were not entered into the comparative meta-analyses. 

For RCT and non-randomised comparative studies, prespecified subgroup and sensitivity analyses 

were performed for both PFS and OS whenever data were available. 

In order to account for heterogeneity in disease burden across the included studies, a prespecified 

subgroup and sensitivity analysis was conducted based on the definition of oligometastatic disease 

adopted within each study. Given the substantial variability in oligometastatic definition criteria, the 

retrospective nature of several studies, and the frequent use of study specific or pragmatic 

definitions, populations were categorised according to the original burden classification reported by 

each study and grouped as oligometastatic, all comers, or not specified. When available, published 

subgroup analyses based on metastatic burden were extracted and analysed separately. This 

approach, while acknowledging the intrinsic limitations of heterogeneous and study specific 

oligometastatic definitions, was intentionally adopted to capture burden related trends across studies 

without imposing a uniform external definition that could not be retrospectively applied to all datasets. 

Prospective studies in which LAT was delivered exclusively to patients with predefined oligoresidual 

disease after induction EGFR TKI therapy were grouped within the oligometastatic category for the 

purpose of this analysis, to ensure conceptual consistency in low burden disease classification. 

Jo
urn

al 
Pre-

pro
of



6 
 

Treatment effects were further explored according to study design (prospective versus 

retrospective), EGFR TKI generation (third generation containing versus first- and second-

generation cohorts), LAT site (brain, primary tumour only, primary plus metastatic sites, primary plus 

or minus metastatic sites, or not specified), and therapeutic strategy (upfront integration versus 

consolidative local therapy). In retrospective studies in which the timing of LAT was not clearly 

specified or included both baseline and early on treatment delivery, these were classified within the 

upfront category to minimise misclassification and preserve analytical consistency. 

 

Statistical approach and reporting 

Time to event outcomes (PFS, OS) were pooled as hazard ratios (HRs) with 95% confidence 

intervals using the generic inverse variance method under a random effects model with Hartung–

Knapp adjustment. Adjusted HRs were prioritized when available; unadjusted HRs were used only 

when adjusted estimates were not reported. Statistical heterogeneity was assessed using Cochran’s 

Q test and the I² statistic, with I² values greater than 50% or p values less than 0.10 indicating 

substantial heterogeneity. 

Publication bias was assessed using funnel plots and Egger’s test when at least 10 studies were 

available. All analyses were performed using R (meta and metafor packages). This systematic 

review and meta-analysis was conducted in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta Analyses (PRISMA) 2020 statement. The study protocol was 

developed a priori and registered on the PROSPERO international prospective register of systematic 

reviews before data extraction and statistical synthesis began (registration details: PROSPERO 

2025 CRD420251244650. Available 

from https://www.crd.york.ac.uk/PROSPERO/view/CRD420251244650.) 

 

. 

 

RESULTS 

Study selection and characteristics of the included studies 

A total of 3,923 records were identified by our search; after removal of 669 duplicates and 303 

ineligible records, 2,951 records were screened at the title and abstract level. Of these, 2,775 records 

were excluded for not meeting the predefined eligibility criteria. 

A total of 176 reports were retrieved and assessed in full text. Among these, 145 reports were 

excluded, mainly because they were reviews, meta-analyses or case reports (n = 107), phase I or 

exploratory studies (n = 18), studies specifically reporting on locally advanced disease (n = 9), 

studies evaluating post progression radiotherapy only (n = 6), or studies with an inappropriate 

comparator arm (n = 5). 
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Overall, 31 records (3355 patients) fulfilled the inclusion criteria and were included in the qualitative 

synthesis, of which 24 studies provided comparative data suitable for quantitative meta-analysis. 

The study selection process is detailed in the PRISMA 2020 flow diagram (Figure 1). 

The main design characteristics, patient populations, treatment strategies and LAT features of the 

randomised and non-randomised comparative studies included in the quantitative meta-analyses 

are summarised in Table 1. 

Of the 24 comparative studies contributing to the meta-analyses, 6 were randomised studies7,9,12-15, 

2 were prospective non-randomised phase II comparative studies16,17, and 16 were retrospective 

observational cohorts18-33. Overall, the quantitative meta-analysis included a total of 3012 patients, 

of whom 501 were enrolled in randomized controlled trials, 248 in prospective non-randomized 

studies, and 2254 in retrospective observational cohorts. The studies were conducted predominantly 

in East Asia, with additional contributions from North America, and evaluated both first-, second- and 

third-generation EGFR TKIs combined with radiotherapy-based LAT delivered using a wide range of 

techniques, doses and target sites. Populations varied widely with respect to baseline disease 

burden, including studies restricted to oligometastatic disease, cohorts enrolling unselected or mixed 

populations, and studies focusing exclusively on patients with brain metastases. LAT was 

administered either upfront with EGFR TKI therapy or as consolidative treatment following initial 

systemic response, with substantial variability in timing, target volumes and treatment intent across 

studies. Across the included studies, the majority of patients harboured common sensitising EGFR 

mutations, while a smaller proportion of studies also included uncommon mutations or did not report 

mutation subtype details. 

Across the included studies, integration of LAT with EGFR TKI was associated with lower HRs for 

both disease progression and death compared with EGFR TKI alone (Table 1). Median PFS was 

generally longer in the LAT arms, with absolute differences typically ranging from several to 

approximately 10–15 months, and with larger differences reported in selected cohorts; similarly, 

median OS tended to favour LAT, with absolute differences most commonly ranging from several to 

approximately 10–15 months, with occasional larger differences in selected cohorts. 

 

Risk of bias assessment 

The risk of bias assessment was performed for all randomised and non-randomised comparative 

studies included in the quantitative meta-analyses. The results of the study level assessments are 

summarised in Supplementary Tables S1 and S2. Overall, most RCT outcomes were judged to be 

at low risk of bias or to raise some concerns, with no outcome rated as high risk of bias. The most 

frequent source of concern across trials was related to deviations from intended interventions and 

outcome measurement, largely reflecting the open label design of the included studies. Bias arising 

from the randomisation process was generally low, and missing outcome data and selective 

reporting were not identified as major sources of bias. The overall risk of bias was predominantly 
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judged as serious for non-randomised comparative, with a small number of outcomes rated at critical 

risk of bias. The main contributors to bias were confounding and selection of participants, reflecting 

the retrospective nature of most studies and the lack of random allocation to LAT. Bias related to 

classification of interventions and outcome measurement was generally moderate, while missing 

data and selective reporting were less frequently identified as major concerns. 

Given these findings, the results of the meta-analyses were interpreted with particular caution for 

non-randomised studies, and sensitivity analyses were performed to evaluate the robustness of 

pooled estimates to study design and risk of bias. 

 

Efficacy and safety outcomes 

Twenty-one studies with 22 patient cohorts were included in the pooled random-effects meta-

analysis of PFS. PFS analysis shows that the addition of LAT to EGFR TKI monotherapy was 

associated with a significant reduction of the risk of disease progression (HR 0.45, 95%CI: 0.37–

0.55 – Figure 2A), with a moderate heterogeneity (I² = 62.3%), reflecting variability in study design, 

timing and site of LAT, and patient selection., Sixteen studies with 17 patient cohorts, were included 

in the OS analysis, showing a consistent benefit with a HR 0.52 (95%CI: 0.40–0.67 – Figure 2B), 

with a similarly moderate between study heterogeneity (I² = 67.5%), indicating a relatively robust 

survival signal. 

Prespecified subgroup analyses demonstrated the same trend across clinically relevant subgroups. 

When stratified by baseline disease burden (Figure 3, panels A and B), LAT integration was 

associated with a significant improvement in PFS in oligometastatic (HR 0.44, 95%CI: 0.34-0.58), 

non-oligometastatic (HR 0.60, 95%CI: 0.39-0.94) and mixed/unselected (HR 0.47, 95%CI: 0.32-

0.68) populations, with a non-significant test for subgroup difference (p=0.22), indicating no evidence 

of effect modification by disease burden. A similar pattern was observed for OS, with pooled hazard 

ratios of 0.42 (95%CI: 0.34–0.53) in oligometastatic cohorts and 0.50 (95%CI: 0.29–0.84) in 

unselected populations, although we found no significant impact in non-oligometastatic disease, with 

a significant interaction test (p<0.01). 

Among the included comparative studies, LAT was delivered upfront in 11 studies (n=1537 patients) 

and as consolidative therapy following initial EGFR TKI response in 13 studies (n=1475 patients). 

Stratification according to treatment strategy timing showed PFS benefit for LAT in both patients 

treated upfront (HR 0.47, 95%CI: 0.31-0.72) and with consolidative approaches (HR 0.44, 95%CI: 

0.36-0.54) (Figure 3C). Corresponding OS analyses yielded pooled hazard ratios of 0.53 (95%CI: 

0.35-0.81) for upfront LAT and 0.49 (95%CI: 0.32-0.75) for consolidative LAT (Figure 3D). 

The pooled HRs for PFS in prospective and retrospective studies were 0.59 (95%CI: 0.49–0.70) and 

0.40 (95%CI: 0.31–0.53), respectively (Figure 3E), with a statistically significant subgroup 

interaction (p<0.01), suggesting larger magnitude of PFS benefit reported in retrospective compared 
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with prospective studies. Similarly, the pooled HRs for OS in prospective and retrospective studies 

were 0.58 (95%CI: 0.47-0.72) and 0.49 (95%CI: 0.35-0.70), respectively (Figure 3F). 

For PFS, our analysis consistently favoured EGFR TKI plus LAT across treatment sites, with pooled 

HRs ranging from 0.32 for primary tumour-directed LAT to 0.57 for brain-directed LAT (Figure 4A). 

A similar pattern was observed for OS, with pooled HRs ranging from 0.30 to 0.79 across LAT sites, 

consistently favouring LAT integration despite wide CIs in some subgroups (Figure 4B). 

Subgroup analyses according to EGFR TKI generation are shown in Figure 4, panels C and D. For 

PFS, LAT integration was associated with benefit both in studies using third-generation EGFR TKIs 

(HR 0.50, 95%CI: 0.38-0.64) and in those using first- or second-generation or mixed TKI cohorts 

(HR 0.44, 95%CI: 0.34-0.58). A similar pattern was observed for OS, with pooled HRs of 0.52 

(95%CI: 0.25–1.08) in third-generation TKI cohorts and 0.51 (95%CI: 0.37–0.71) in non–third-

generation or mixed cohorts.  

Across the included studies, the addition of LAT to EGFR TKI treatment was generally associated 

with a higher incidence of treatment-related adverse events compared with EGFR TKI alone, largely 

driven by radiotherapy-related toxicities. When reported, the incidence of any-grade adverse events 

in the combination arms ranged from approximately 75% to 97%, compared with 50% to 97% in the 

EGFR TKI-only arms (Table 1). Most adverse events were grade 1–2. Grade 3 or higher toxicities 

were infrequent across studies, ranging between 2% and 18% in the LAT arms and 0% to 9% in the 

control arms. Pulmonary toxicity, reported as radiation pneumonitis or pneumonia, represented the 

most consistent LAT-associated safety signal, with any-grade incidence ranging from 6% to 90% in 

the LAT arms and 0% to 24% with EGFR TKI alone, and occasional grade ≥3 events. Overall, no 

unexpected safety signals emerged, and the combined approach appeared feasible and clinically 

manageable. 

 

Single arm and non-comparative studies 

A total of seven additional studies were included in the descriptive synthesis and are summarised in 

Table 2. Of these, 1 was a retrospective observational, non-comparative study34, 2 were 

retrospective observational comparative studies without extractable HRs35,36, three were prospective 

single arm phase II trials8,37,38, and one was a randomised phase II study in which comparative HRs 

were not available39. All of these studies did not contribute to the quantitative meta-analyses and 

were restricted to first line treatment settings. 

Across these studies, patient populations were heterogeneous, including cohorts restricted to 

oligometastatic disease, brain only metastases, and mixed disease burden, with LAT delivered either 

upfront or as early consolidative treatment. LAT consisted of SRS, SBRT, and conventionally 

fractionated radiotherapy to the primary tumour, brain metastases, or extracranial sites. 

Despite differences in study design and reporting, all studies consistently showed numerical 

improvements in PFS with the addition of LAT compared with EGFR TKI monotherapy, with reported 
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median PFS ranging from approximately 15 to over 30 months in the combination arms. Where 

reported, OS also favoured the LAT containing strategies. Safety reporting was limited in most 

studies, but when available, LAT was generally feasible, with pneumonitis representing the main 

clinically relevant toxicity. 

 

 

DISCUSSION 

The present systematic review and meta-analysis shows that in patients with advanced stage, 

EGFR-positive NSCLC the integration of LAT to the EGFR TKI monotherapy backbone is associated 

with a consistent and clinically meaningful improvement in both PFS and OS through a highly 

heterogeneous evidence base. Importantly, the effect in favour of the addition of LAT was seen 

across all major subgroups, including oligometastatic and unselected populations, prospective and 

retrospective studies, when directed to different site of disease with or without the inclusion of the 

primary tumor, and across TKI generations. These findings suggest that LAT integration may 

represent a viable first-line treatment intensification strategy, either upfront or as consolidative 

therapy, while preserving the favourable tolerability profile of EGFR TKI monotherapy. 

The degree of statistical heterogeneity was moderate to substantial (I² 62–67%), reflecting variability 

in study design, patient selection, LAT timing, target sites, and EGFR TKI generation. Importantly, 

prediction intervals remained largely on the side of benefit, suggesting that although the magnitude 

of effect may vary across clinical contexts, the direction of effect is unlikely to reverse in most 

plausible real-world scenarios. Such heterogeneity is expected in multimodality strategies where 

treatment delivery, disease burden definitions, and radiotherapy techniques differ substantially 

across studies. Therefore, while the pooled estimates should not be interpreted as uniform across 

all clinical settings, the consistency in effect direction supports the robustness of the overall signal. 

In the current treatment landscape of EGFR-positive NSCLC, systemic intensification strategies 

including the FLAURA2 and MARIPOSA regimens have demonstrated significant survival benefit in 

the first line setting against single agent osimertinib3,4, at the cost of increased toxicity, treatment 

burden and reduced long-term tolerability5. These findings prompt a key clinical question: can 

combining EGFR TKI monotherapy with LAT provide a favourable balance of efficacy, tolerability, 

and long-term feasibility? Our results strongly support this possibility. Importantly, although LAT 

integration was associated with higher rates of radiotherapy-related toxicities, particularly 

pneumonitis, severe adverse events were infrequent and no unexpected safety signals emerged, 

supporting the overall feasibility of this strategy within first-line treatment. 

Additionally, the direction of effect consistently favored LAT across both upfront and consolidative 

treatment strategies. Although these approaches represent biologically and clinically distinct 

scenarios with inherent differences that should be considered when interpreting the aggregate 
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estimates. Upfront integration may reflect early intensification of locoregional control, whereas 

consolidative LAT inherently selects patients with initial disease control under EGFR TKI therapy.  

Patterns of progression under EGFR TKIs consistently demonstrate a predominance of failure at 

pre-existing sites of disease, with both oligometastatic and oligoresidual states representing clinically 

meaningful windows for local intervention40,41. By eradicating potential reservoirs of resistant 

subclones while maintaining effective systemic suppression, LAT may delay the emergence of 

widespread resistance and prolong the benefit of EGFR TKI monotherapy. Consistent with this 

hypothesis, sensitivity analyses showed similar effects whether LAT was delivered to the primary 

tumour alone, the primary tumour plus selected metastatic sites, or was delivered without covering 

all disease sites. This potentially suggests that the benefit of LAT likely stems from broader biological 

and clinical effects of focal disease control rather than the need for comprehensive irradiation of 

every metastasis.  

The observation that similar principles appear to apply also to studies that included surgical 

resection of the primary tumor further reinforces this hypothesis. This paradigm shift must also be 

interpreted in the context of the changing natural history of EGFR-positive NSCLC42. As patients 

live longer, strategies once regarded as marginal, such as LAT to selected sites, become 

increasingly relevant in optimizing long-term outcomes. 

Beyond direct disease control, there is also a mechanistic rationale supporting the synergistic 

integration of EGFR inhibition and radiotherapy. EGFR-mutant NSCLC cells exhibit increased 

intrinsic radiosensitivity43, and EGFR signalling plays a central role in DNA damage repair, cell cycle 

progression and survival44. EGFR blockade disrupts radiation-induced DNA repair pathways, 

prolongs double-strand breaks, enhances apoptosis and reduces the proportion of cells in 

radioresistant phases of the cell cycle, providing a strong biological basis for the observed clinical 

synergy45,46. However, direct translational evidence specifically addressing third-generation EGFR 

TKIs remains limited. 

Looking ahead, ongoing efforts to strengthen the level of evidence supporting treatment 

intensification strategies in EGFR-positive NSCLC increasingly incorporate dynamic biomarkers 

such as circulating tumour DNA (ctDNA) to refine patient selection and timing of intervention47, that 

can potentially be applied to optimise the integration of LAT to TKI monotherapy.  

Nevertheless, the clinical applicability of LAT remains intrinsically heterogeneous and highly context 

dependent, being influenced by anatomical factors, disease distribution, technical feasibility and 

centre-specific expertise, which limits reproducibility across settings. Although several prospective 

and interventional studies evaluating the integration of LAT with EGFR TKI therapy are currently 

ongoing (e.g. NCT07073365, NCT06775743, NCT06481566, NCT05998993, NCT05768490, 

NCT03769103), large-scale randomised evidence is still lacking and no registrative phase III trials 

are currently underway, potentially constraining the pace at which the quality of evidence can be 

further escalated. 
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Several limitations of this systematic review and meta-analysis should be acknowledged. Definitions 

of oligometastatic and oligoresidual disease varied substantially across studies and were often 

applied retrospectively, introducing unavoidable heterogeneity and misclassification. The absence 

of a statistically significant OS benefit in non-oligometastatic populations should be interpreted 

cautiously. First, the number of studies and patients in this subgroup was limited, reducing statistical 

power and widening confidence intervals. Second, non-oligometastatic cohorts were frequently 

derived from retrospective studies with heterogeneous selection criteria, potentially introducing 

residual confounding. Finally, the biological rationale for LAT may be more pronounced in lower-

burden disease, where eradication of limited resistant clones may delay systemic progression. 

Therefore, while the interaction test suggests potential effect modification by disease burden, these 

findings should be considered hypothesis-generating rather than definitive evidence of restriction of 

benefit to oligometastatic disease. 

Several included randomized studies were open-label, with investigator-assessed PFS and without 

blinded central radiological review, a factor that may introduce assessment bias and potentially 

overestimate PFS benefit. A large proportion of the evidence base remains retrospective and subject 

to selection bias, immortal time bias and unmeasured confounding, despite the use of propensity 

score methods in some cohorts. In relation to this, the significantly larger effect size observed in 

retrospective studies may reflect inherent biases of non-randomised designs, potentially leading to 

an overestimation of the benefit associated with LAT. In addition, the large preponderance of studies 

conducted in China may partially limit the transferability of the results to Western populations. 

Furthermore, consolidative strategies inherently introduce a degree of selection, as patients with 

rapidly progressive disease may not reach the time point of LAT delivery, leading to attrition of 

poorer-prognosis patients. The feasibility and safety of LAT also depend on radiotherapy expertise 

and technical resources, which may limit generalisability across centres. In relation to this, reporting 

of radiotherapy-related toxicities, particularly pneumonitis, was highly heterogeneous across studies, 

with wide variability in incidence. In addition, detailed information regarding the timing of EGFR TKI 

administration relative to LAT delivery, including treatment interruption or washout strategies, was 

inconsistently reported across studies, precluding a reliable assessment of its impact on treatment-

related toxicity. Although severe events were generally uncommon, this variability limits precise 

quantification of risk. This limitation is consistent with recent international consensus efforts, 

including the ESMO–ESTRO recommendations on combining radiotherapy with targeted therapies 

and immunotherapy, which highlight the paucity of high-quality and standardized data on treatment 

sequencing and toxicity48. Importantly, although third-generation EGFR TKIs represent the current 

standard of care, only approximately one-third of patients in the pooled analysis received a third-

generation agent, and prospective randomized evidence in this subgroup remains limited. Therefore, 

extrapolation of the observed magnitude of benefit to contemporary combination-based first-line 

strategies should be interpreted with caution. Finally, LAT techniques, treated volumes and dose 
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fractionation schedules were highly heterogeneous, yet the direction of benefit remained consistent 

across the treatment subgroups, while the economic impact of integrating ablative radiotherapy into 

first-line management was not assessed and may represent an additional consideration in real-world 

implementation. 

In addition, it is worth noting that in non-oncogene-driven NSCLC, the randomized phase II/III 

NRG-LU002 trial evaluating local consolidative therapy did not demonstrate a survival benefit and 

reported increased adverse events49. However, that study enrolled an unselected population 

without oncogenic addiction, which may represent a biologically distinct setting compared with 

EGFR-mutant disease. 

In the current therapeutic landscape where robust evidence supports first-line systemic combination 

strategies3,4, there are no clear criteria to identify patients should preferentially receive LAT with 

EGFR TKI monotherapy.  

While the present analysis is not practice-defining, it represents the most comprehensive quantitative 

synthesis currently available and may inform multidisciplinary treatment discussions pending further 

prospective validation. In this context, first-line LAT integration emerges as a biologically grounded 

and pragmatically attractive strategy that may serve as an alternative or complement to systemic 

intensification, warranting further investigation to optimize long-term disease control while preserving 

quality of life. 

 

 

Figures Legend 

 

Figure 1: PRISMA flow diagram 

Figure 2: Comparative efficacy of EGFR TKI plus local ablative therapy versus EGFR TKI 

alone. Forest plots showing pooled hazard ratios (HRs) and 95% confidence intervals (CIs) for 

progression-free survival (PFS) (A) and overall survival (OS) (B). Individual study estimates are 

represented by squares proportional to study weight, with horizontal lines indicating 95%CIs. Pooled 

estimates were calculated using random-effects models and are shown as diamonds. Prediction 

intervals are displayed to illustrate the expected range of treatment effects in future studies. Hazard 

ratios <1 favour EGFR TKI plus local ablative therapy. Abbreviations: CI, confidence interval; HR, 

hazard ratio; LAT, local ablative therapy; RT, radiotherapy; TKI, tyrosine kinase inhibitor. 

Figure 3: Subgroup analyses of EGFR TKI plus local ablative therapy versus EGFR TKI alone.  

Forest plots showing pooled hazard ratios (HRs) and 95% confidence intervals (CIs) for progression-

free survival (PFS) and overall survival (OS) according to prespecified subgroups. A PFS stratified 

by baseline disease burden (oligometastatic versus non-oligometastatic or mixed/not-reported). B 

OS stratified by baseline disease burden. C PFS according to treatment strategy timing (upfront 

versus consolidative local ablative therapy). D OS according to treatment strategy timing. E PFS 

stratified by study design (prospective versus retrospective). F OS stratified by study design. 

Squares represent individual study estimates with size proportional to study weight, horizontal lines 

indicate 95%CIs, and diamonds represent pooled random-effects estimates. Hazard ratios <1 favour 

EGFR TKI plus local ablative therapy. Abbreviations: CI, confidence interval; HR, hazard ratio; LAT, 

local ablative therapy; TKI, tyrosine kinase inhibitor. 
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Figure 4: Subgroup analyses of EGFR TKI plus local ablative therapy versus EGFR TKI alone.  

Forest plots showing pooled hazard ratios (HRs) and 95% confidence intervals (CIs) for progression-

free survival (PFS) and overall survival (OS) according to prespecified subgroups. A PFS stratified 

by site of local ablative therapy (brain metastases, primary tumour only, primary plus metastatic 

sites, or not specified). B OS stratified by LAT site. C shows PFS according to EGFR TKI generation 

(third generation versus non–third generation or mixed cohorts). D OS according to EGFR TKI 

generation. Squares represent individual study estimates with size proportional to study weight, 

horizontal lines indicate 95% CIs, and diamonds represent pooled random-effects estimates. Hazard 

ratios <1 favour EGFR TKI plus local ablative therapy. Abbreviations: CI, confidence interval; HR, 

hazard ratio; LAT, local ablative therapy; TKI, tyrosine kinase inhibitor. 
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Study ID Design, eligibility and 

population 

Burden of disease 

details 

EGFR TKI Country  Intervention, LAT 

details  

Sample size Efficacy results Safety results 

Sun H (2024) Phase III, RCT  

Oligometastatic patients  

First line 

Upfront LAT integration 

Common mutations only 

 

≤3 organs irrespective 

of the number of 

metastatic lesions, and 

a thoracic disease 

burden compatible 

with safe upfront TRT 

1st generation 

(Icotinib) 

China RT only 

Primary tumor and 

positive regional 

lymph nodes 

60 Gy in 30 fractions 

Radiotherapy to other 

sites at discretion of 

the clinician 

N=118 (intervention 

N=59; control N=59 – 

45.8% of control arm 

received subsequent 

RT) 

Attrition rate: 8.5% 

(exp arm), 5.1% 

(control arm) 

PFS  

uHR 0.57 (0.38-0.84) 

Median 17.1 vs 10.6 

months (p=0.004) 

 

OS 

uHR 0.62 (0.40-0.96) 

Median 34.4 vs 26.6 

months (p=0.029) 

Any grade AEs 

76.3% (45/59) vs 

50.8% (30/59); 

 

Grade3/4 AEs 

11.9% (7/59) vs 5.1% 

(3/59); 

 

Any grade pneumonia 

32.2% (19/59) vs 1.7% 

(1/59); 

Tian (2025) 

3rd gen. cohort 

Retrospective observational 

study 

Oligometastatic patients 

First line 

Variable LAT timing 

(upfront and consolidative)  

Common and uncommon 

mutations included 

≤3 metastatic organs 

and ≤5 metastatic 

lesions 

3rd generation 

(Osimertinib, 

Aumolertinib, 

Furmonertinib) 

China RT only 

Primary tumor 

60 Gy in 30 fractions 

(conventional RT) or 

48-56 Gy in 4-8 

fractions (SBRT, 

peferentially employed 

for anatomically 

suitable tumors 

characterized by 

favorable location, 

limited size [typically 

≤5 cm], and adequate 

distance from critical 

structures) 

N= 97 (intervention 

N=47; control N=50) 

PFS 

aHR 0.54 (0.41-0.71) 

Median 24.6 vs 13 

months, p=0.001 

 

OS 

aHR 0.36 (0.17-0.76) 

Median NR vs 37.9, 

p=0.002 

Any grade AEs 

No cumulative data* 

*19% vs 26% rash; 

10.6% vs 12% 

diarrhea; 23.4% vs 

26% fatigue; 

 

Grade3/4 AEs 

No cumulative data* 

*2.1% vs 2.1% rash; 

4.3% vs 4% 

leukopenia; 

 

Any grade pneumonia 

32.2% (19/59) vs 1.7% 

(1/59); 

Tian (2025) 

1st/2nd gen cohort 

- - 1st and 2nd generation 

(Gefitinib, Erlotinib, 

Icotinib, Afatinib) 

- - N= 166 (intervention 

N=74; control N=92) 

PFS 

aHR 0.37 (0.26-0.52) 

Median 24.6 vs 13 

months, p<0.001 

 

OS 

aHR 0.29 (0.18-0.45) 

Median NR vs 37.9, 

p<0.001 

Any grade AEs 

No cumulative data* 

*17.6% vs 10.9% rash; 

21.6% vs 19.6% 

leukopenia; 14.9% vs 

13% diarrhea; 

 

Grade3/4 AEs 

No cumulative data* 

*2.7% vs 2.2% rash; 

4.1% vs 2.2% 

leukopenia; 

 

Any grade pneumonia 

16.1% (12/74) vs 0 

(0/92); 

Lee (2025) Phase II, randomized non-

comparative  

Oligometastatic 

First line 

Upfront LAT integration 

Common mutations only 

 

≤3 metastatic organs 

and ≤5 metastatic 

lesions 

3rd generation 

(Lazertinib) 

South Korea RT only 

Primary tumor and all 

metastatic sites 

deemed amenable for 

SBRT 

N=67 (intervention 

N=33; control N=34) 

PFS 

uHR 0.60 (0.29-1.24) 

Median 34 vs 24.8 

months 

 

OS 

Median NR 

Any grade AEs 

94% (31/33) vs 97% 

(33/34); 

 

Grade3/4 AEs 

18% (6/33) vs 9% 

(3/34); 
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Any grade pneumonia 

12% (4/33) vs 0 

(0/34); 

Wang XS (2023) Phase III RCT 

Oligometastatic (CNS 

excluded) 

First line 

Upfront LAT integration 

Common mutations only 

 

≤5 discrete distant 

metastases with ≤2 

lesions in any single 

organ 

1st generation 

(Gefitinib, Erlotinib, 

Icotinib) 

 

China RT only 

All metastases and 

primary 

tumor/involved 

regional lymph nodes 

5 fractions, dose of 25-

40 Gy allowed 

(primary tumor also 

treated in 5 fractions, 

RT was to be 

completed within 

2 weeks). 

N=133 (intervention 

N=68; control N=65) 

Attrition rate: 0% both 

arms 

PFS 

aHR 0.72 (0.51-0.93) 

Median 20.2 vs 12.5 

months, p<0.001 

 

OS 

aHR 0.47 (0.17-0.76) 

Median 25.5 vs 17.4 

months, p<0.001 

Any grade AEs 

No cumulative data* 

*67.6% vs 72.3% rash; 

23.5% vs 30.8% 

leukopenia; 55.9% vs 

66.2% 

diarrhea/nausea; 

 

Grade3/4 AEs 

No cumulative data* 

*14.7% vs 13.9% rash; 

 

Any grade pneumonia 

32.3% (22/68) vs 24% 

(15/65); 

Wei (2022) Retrospective observational 

study 

Non-oligometastatic  

First Line 

LAT delivered as 

consolidation 

Common mutations only 

 

NA Mixed including 3rd 

generation (Gefitinib, 

Erlotinib, Icotinib, 

Osimertinib) 

China RT only 

Primary tumor 

SBRT 30-60 Gy in 3-

10 fractions 

  

N=79 (intervention 

N=45; control* N=34) 

*Control group 

received delayed 

SBRT 

PFS 

aHR 0.46 (0.28-0.75) 

Median 22.3 (15.9-30) 

vs 12.9 (11.3-19.9) 

 

OS 

uHR 1.27 (0.60-2.69) 

Median 46.6 (38.9-

NR) vs 51.3 (43.9-NR) 

Any grade AEs 

Not reported; 

 

Grade3/4 AEs 

No ≥G3 toxicities 

reported; 

 

Any grade pneumonia 

Not reported; 

Wang (2021) Retrospective observation 

study 

Mixed population First 

Line 

Consolidation LAT 

Common mutations only 

 

NA 1st generation 

(Gefitinib, Erlotinib, 

Icotinib) 

 

China RT only 

Primary tumor (SBRT) 

70 Gy in 10 fractions/ 

60 Gy in 8 fractions or 

50 Gy in 5 fractions 

(≤ 3 intrathoracic sites 

and < 5cm) 

N=80 (intervention 

N=16; control N= 64 – 

PSM matched cohort) 

PFS 

aHR 0.54 (0.33-0.99) 

Median 17.8 vs 10.8 

 

OS 

Median 36.7 vs 27.8 

Any grade AEs 

No cumulative data* 

*56.3% vs 67.2% rash, 

25% vs 9.4% fatigue, 

31.2% vs 25% 

diarrhea; 

 

Grade3/4 AEs 

No cumulative data* 

*12.5% vs 9.4% rash, 

12.5% vs 9.4% 

increased LFT; 

 

Any grade pneumonia 

25% (4/16) vs 0; 

Deng (2022) Retrospective observation 

study 

Mixed population (CNS 

excluded) 

First Line 

Variable LAT timing 

(upfront and consolidative) 

Common mutations only 

 

NA 1st generation 

(Icotinib) 

China RT only 

Primary tumor  

IMRT either as 

standard fractionation 

(60–66 Gy in 2 Gy 

fractions) or 

hypofractionated 

schedules (60–66 Gy 

in 3–4 Gy fractions) 

N=103 (intervention 

N=46; control N= 57) 

PFS 

aHR 0.13 (0.07-0.22) 

Median 13.6 vs 10.6 

months, p<0.001 

 

OS 

- 

Any grade AEs 

No cumulative data* 

*41.3% (19/46) vs 

36.8% (21/57) rash, 

26.1% (12/46) vs 

17.5% (10/57) 

diarrhea, 10.9% (5/46) 

vs 8.8% (5/57) 

increased LFT; 

 

Grade3/4 AEs 
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No cumulative data* 

*2.2% (1/46) vs 0 

rash; 

 

Any grade pneumonia 

39.1% (18/46) vs 8.8% 

(5/57); 

Wang (2018) Retrospective observational 

study 

Mixed population (brain 

only) 

First line 

Upfront cranial LAT 

No details on EGFR 

mutations  

NA Not specified China RT only 

Intracranial RT (no 

further details) 

N=93 (intervention 

N=53; control N= 40) 

PFS 

aHR 0.34 (0.17-0.67) 

Median 27.6 vs 16.1 

months, p=0.053 

 

OS 

Median 35.4 vs 35.8 

months, p=0.695 

Any grade AEs 

Not reported 

 

Grade3/4 AEs 

Not reported 

 

Any grade pneumonia 

Not reported 

Zhou J (2024) Retrospective observational 

study 

Mixed population (brain 

only) 

First line 

Upfront intracranial LAT 

Common mutations only 

NA 3rd generation 

(Osimertinib) 

China RT only 

Intracranial RT 

SRS for 1–3 BMs; 

HA-WBRT for >3 

BMs 

RT dose SRS: 18–23 

Gy single fraction or 

27–30 Gy in 3–5 

fractions; HA-WBRT: 

30 Gy  in 10 fractions 

N=213 (intervention 

N=96; control N= 117) 

PFS 

aHR 0.59 (0.32-0.99) 

Median 17.35 months 

(Intervention) vs 14.4 

months (Control), 

p=0.6884 

 

OS 

aHR 0.39 (0.18-0.87) 

Median 37.6 vs 36.2 

months, p=0.0716 

Any grade AEs 

75% (72/96) vs 73.5% 

(86/117) 

 

Grade3/4 AEs 

No cumulative data* 

*2.1% and 1.7% of the 

total adverse events 

were G3/4 in every 

group 

 

Any grade pneumonia 

Not reported 

Magnuson (2017) Retrospective observational 

study 

Mixed population (brain 

only) 

First line 

Upfront cranial LAT 

Common and Exon 20 

mutations included 

NA 1st generation 

(Gefitinib, Erlotnib) 

USA RT only 

Intracranial RT (SRS 

or WBRT, no further 

details) 

N=231 (intervention 

N=100; contro N=131) 

PFS 

- 

 

OS 

aHR 0.92 (0.66-1.29) 

Median 46 vs 25 

months, p<0.001 

Any grade AEs 

Not reported 

 

Grade3/4 AEs 

Not reported 

 

Any grade pneumonia 

Not reported 

Ho (2024) Phase II, RCT (pooled 

analysis from 2 trials) 

Mixed population (brain 

only) 

First line 

Upfront cranial LAT 

No details on EGFR 

mutations 

 

NA 3rd generation 

(Osimertinib) 

Global (73% Asian 

patients) 

RT only 

Intracranial SRS 

(single- or multi-

fraction, dose not 

specified) 

Up to 10 minimally 

symptomatic brain 

metastases 

N=79 (intervelntion 

N=39; control N=40) 

PFS 

- 

 

OS 

uHR 0.66 (0.35-1.24) 

Any grade AEs 

Not reported; 20% any 

grade radiation 

necrosis in the 

experimental arm  

 

Grade3/4 AEs 

-No cumulative data* 

*6% (2/39) vs 0 

radiation necrosis, 2% 

(1/39) vs 0 cerebral 

edema, 0 vs 5% (2/40) 

seizures 

 

Any grade pneumonia 

Not reported 
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Chen (2019) Retrospective observational 

study 

Mixed population (brain 

only) 

First line 

Variable cranial LAT 

timing (upfront and 

consolidative) 

Common and uncommon 

mutations included 

NA 1st and 2nd generation 

(Gefitinib, Erlotinib 

and Afatinib) 

China RT and Surgery (8 

patients) 

(no further details) 

N=134 (intervelntion 

N=38; control N=96) 

PFS 

aHR 0.78 (0.52-1.18) 

 

OS 

aHR 1.19 (0.69-2.06) 

Median 33 vs 36.9 

months, p=0.53 

Any grade AEs 

No cumulative data* 

*cumulative among 

both arms ≥G2AEs: 

skin rash 3%, 

paronychia 1.5%, 

diarrhea 0.7% 

 

Grade3/4 AEs 

Not reported 

 

Any grade pneumonia 

No events reported 

Wang (2019) Retrospective observational 

study 

Mixed population (brain 

only) 

First line 

Variable cranial LAT 

timing (upfront and 

consolidative) 

No details on EGFR 

mutations 

 

NA 1st generation  China RT only 

(no further details) 

N=103 (intervention 

N=50; control N=53) 

PFS 

Median 18.87 vs 12.80 

months, p=0.035 

 

OS 

aHR 0.21 (0.07-0.66) 

Median 23.10 vs 18.30 

months, p=0.011 

Any grade AEs 

Not reported* 

*Adverse events did 

not differ significantly 

between the two 

groups 

 

Grade3/4 AEs 

Not reported 

 

Any grade pneumonia 

Not reported 

Hu X (2022) Retrospective observational 

study 

Oligometastatic  

First line 

Consolidation LAT 

Common mutations only 

 

≤5 metastatic lesions 1st generation 

(Gefinitinb, Erlotinib) 

China RT only  

Primary tumor and all 

oligometastatic sites. 

Mixed techniques 

according to site 

including 

(hypofractionated and 

conventional 

radiotherapy, SRS and 

WBRT. 

Primary tumor: 70 Gy,  

Brain metastases: SRS 

22 Gy in 1 fraction for 

isolated lesions; for 

multiple BM, 60 Gy in 

20 fractions to 

metastases with or 

without WBRT 40 Gy 

in 20 fractions. 

Bone metastases: 30 

Gy in 10 fractions or 

40 Gy in 20 fractions. 

Lung metastases: SRS-

equivalent 70–78 Gy 

in 10–14 fractions or 

hypofractionated/conv

entional schedules. 

 

N=122 (intervention 

N=50; control N=72) 

PFS 

aHR 0.32 (0.20-0.51) 

Median 17 vs 12, 

p<0.001 

 

OS 

aHR 0.41 (0.27-0.63) 

Median 38 vs 29, 

p<0.001 

Any grade AEs 

Not reported* 

*Most of the patients 

presented G1-2 

toxicities (most 

common rash, 

diarrhea, fatigue, 

nausea, vomiting, 

increased ALT, 

pneumonia) 

 

Grade3/4 AEs 

Not reported 

 

Any grade pneumonia 

32% (16/50) in the 

combination arm 
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Tsai (2023) Retrospective observational 

study 

Mixed population 

First line 

Consolidation LAT 

Common mutations only 

 

NA 2nd generation 

(Afatinib) 

Taiwan RT and surgery. 

Primary tumor only  

IMRT exclusively with 

definitive-dose (no 

further details 

provided). 

N=254 (intervention 

N=30*; control 

N=224) 

*15 patients received 

surgery 

PFS 

aHR 0.46 (0.27-0.76) 

Median 32.8 vs 15.6 

months, p=0.027 

 

OS 

aHR 0.33 (0.16-0.70) 

Median 67.1 vs 44.6 

months, p=0.047 

Any grade AEs 

Not reported 

 

Grade3/4 AEs 

Not reported 

 

Any grade pneumonia 

Not reported 

Chan (2020) Phase II trial with a post-

hoc analysis vs screening 

failure population as 

comparison. 

Oligoresidual disaese 

First line 

Consolidation LAT 

Common mutations only 

Oligoresidual (≤4 PET 

avid lesions) after TKI 

induction 

1st and 2nd generation 

(Gefitinib, Erlotinib 

and Afatinib) 

China RT (surgery and other 

LATs allowed but not 

performed) 

All residual lesions 

including primary 

tumor 

SABR exclusively  

Thoracic, hepatic, or 

skeletal metastases: 50 

Gy in 5 fractions 

(alternate days, within 

2 weeks). 

Vertebral metastases: 

35 Gy in 5 fractions or 

16 Gy in a single 

fraction (alternative). 

N=59 (intervention 

N=16; control N=43) 

PFS 

aHR 0.41 (0.21-0.80) 

Median 18.2 vs 14.1 

months, p=0.043 

 

OS 

Median 41 vs 17 

months, p=0.017 

Any grade AEs 

Not reported 

 

Grade3/4 AEs 

No ≥G3 toxicities 

observed 

 

Any grade pneumonia 

6.2% (1/16) vs 0 

Xu Q (2018) Retrospective observational 

study 

Oligometastatic 

First line 

Consolidation LAT 

Common mutations only 

≤5 metastatic lesions 

(excluding the primary 

tumor) involving one 

or multiple organs 

1st generation 

(Gefitinib, Erlotinib, 

Icotinib) 

China RT, surgery and other 

LATs 

Primary tumor and all 

oligometastatic sites 

using mixed modalities 

(EBRT 60 Gy or 45 Gy 

hypofractionation, 

SRS 21–37.5 Gy in 1–

5 fractions, WBRT 30 

Gy, surgery or RFA) 

N=90 (intervention 

N=51; control N=39) 

PFS 

uHR 0.47 (0.31-0.7) 

Median 20.6 vs 13.9, 

p<0.001 

 

OS 

uHR 0.42 (0.32-0.62) 

Median 40.9 vs 30.8, 

p<0.001 

Any grade AEs 

Not reported* 

*Majority of toxicities 

G1-2. Most common: 

rash, diarrhea, 

neutropenia, fatigue, 

nausea, vomiting, 

increased LFT 

 

Grade3/4 AEs 

16.9% esophagitis vs 

0* 

*Cumulative 

incidence: 6.2% rash, 

2.7% increased LFT 

 

Any grade pneumonia 

7.7% ≥G3 pneumonia 

vs 0 

Peng P (2023) Phase II RCT 

Oligometastatic 

First line 

Consolidation LAT 

Common mutations only 

 

 

≤5 metastatic lesions, 

involving one or 

multiple organs 

1st generation 

(Gefitinib, Erlotinib, 

Icotinib) 

China RT only 

Primary tumor and/or 

selected metastatic 

sites (investigator-

chosen) 

SBRT (30–50 Gy in 5 

fractions)  

N=61 (intervention 

N=30; control N=31) 

PFS 

uHR 0.52 (0.31-0.89) 

Median 17.6 months 

vs 9.0 months, 

p=0.016 

 

OS 

uHR 0.53 (0.30-0.95) 

Median 33.6 months 

Any grade AEs 

No cumulative data* 

*73.3% vs 38.7% rash, 

36.6% vs 22.8% 

leukopenia, 56.7% vs 

25.8% diarrhea, 16.6% 

vs 3.2% esophagitis, 

16.6% vs 19.4% 

increased LFT 
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vs 23.2 months, 

p=0.026 

 

Grade3/4 AEs 

No ≥G3 toxicities 

observed 

 

Any grade pneumonia 

30% (9/30) vs 16.1% 

(5/31) 

Elamin (2019) Retrospective observational 

study 

Mixed population 

Consolidation LAT 

Common and uncommon 

mutations 

 

NA 1st and 2nd generation 

(Gefitinib, Erlotinib 

and Afatinib) 

USA (race/ethnicity 

not reported) 

RT and surgery 

Primary tumor and all 

metastatic sites 

Hypofractionated RT 

or SABR 

N=141 (intervention 

N=12*; control 

N=129) 

*1 patient received 

surgery 

PFS 

uHR 0.29 (0.23-0.70) 

Median 36 vs 14 

months 

 

OS 

uHR 0.29 (0.13-0.66) 

Median NR vs 35 

months 

Any grade AEs 

Not reported* 

*LCT was well 

tolerated. 1/12 patient 

pulmonary embolism 

 

Grade3/4 AEs 

No ≥G4 toxicities 

observed 

 

Any grade pneumonia 

Not reported 

Wu (2024) Retrospective observational 

study with PSM 

Mixed population 

Consolidation LAT 

Common mutations only 

≤5 metastatic lesions 

(used for subgroup 

analysis) 

3rd generation 

(Osimertinib) 

China RT and surgery 

Primary tumor only 

SABR 6–12 Gy × 4–

10 or conventional RT 

50–70 Gy in 25–35 

fractions 

N=106 (intervention 

N=53*; control N=53) 

*27 patients received 

surgery 

PFS 

aHR 0.22 (0.10-0.49) 

Median 30.3 vs 18.2 

months, p=0.005 

 

OS 

aHR 0.29 (0.12-0.72) 

Median NR vs 36.7 

months, p=0.005 

Any grade AEs 

Not reported* 

*LCT was well 

tolerated. 1/12 patient 

pulmonary embolism 

 

Grade3/4 AEs 

No ≥G4 toxicities 

observed 

 

Any grade pneumonia 

28.3% (15/53) vs 0 

pulmonary injury 

Xu H (2024) Retrospective observational 

study 

Mixed population 

Consolidation LAT 

Common mutations only 

≤5 metastatic lesions 

(used for subgroup 

analysis) 

1st generation 

(Gefitinib, Icotinib) 

China RT only 

Primary tumor only 

Early (~1 month) 

consolidative SBRT 

(40–60 Gy in 5–8 

fractions) 

N= 184 (intervention 

N=39; control N=145) 

PFS 

aHR 0.64 (0.43-0.94) 

Median 15.50 vs 9.33 

months, p=0.002 

 

OS 

aHR 0.87 (0.56-1.36) 

Median 29.10 vs 26.33 

months 

Any grade AEs 

No cumulative data* 

*41% vs 33.1% rash, 

10.3% vvs 8.3% 

diarrhea, 10.3% vs 

3.5% nausea, 53.9% 

vs 44.1% increased 

LFT 

 

Grade3/4 AEs 

No ≥G3 toxicities 

observed 

 

Any grade pneumonia 

89.74% (35/39) vs 0 

Yuan (2025) Retrospective observational 

study 

Mixed population 

Consolidation LAT 

NA Mixed including 3rd 

generation (Gefitinib, 

Erlotinib, Icotinib, 

Afatinib, Osimertinib) 

China RT only 

Primary tumor only 

SBRT (44–70 Gy in 5–

11 fractions, BED10 

≈100 Gy) 

N=58 (intervention 

N=15; control N=43) 

PFS 

aHR 0.15 (0.05-0.45) 

Median 54.9 vs 10.2 

months, p<0.001 

 

Any grade AEs 

No cumulative data* 

*13.3% vs 9.3% G1-2 

rash, 6.7% vs 7% G1-

2 diarrhea, 6.7% vs 
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Common and uncommon 

mutations 

 

OS 

- 

9.3% G1-2 fatigue, 0 

vs 2.3% G1-2 

paronychia 

 

Grade3/4 AEs 

No ≥G3 toxicities 

observed 

 

Any grade pneumonia 

46.7% (7/15) vs 2.3% 

(1/43) 

Elamin (2025) Phase II RCT 

Mixed population 

Consolidation LAT 

First and second line 

Common mutations and 

acquired T790M 

≤3 metastatic lesions 

at randomization (used 

subgroup analysis) 

3rd generation 

(Osimertinib) 

USA (race/ethnicity 

not reported) 

RT and surgery  

Primary tumor and 

metastatic sites (when 

feasible) 

RT used IMRT VMAT 

SBRT or 3D-CRT, 

with doses not 

specified 

Surgery included 

lobectomy (78%), 

lobectomy + wedge 

resection (4%), wedge 

resection (9%), 

segmentectomy (4%) 

and adrenalectomy 

(4%). 

 

 

N=119 (intervention 

N=56*; control N=63) 

*17 patients received 

surgery, 6 patients 

received RT and 

surgery 

PFS 

uHR 0.60 (0.40-0.92) 

Median 25.3 vs 17.5 

months, p=0.02 

 

OS 

- 

Any grade AEs 

No cumulative data* 

*64.4% vs 65.1% G1-

2 skin disorders, 

46.4% vs 49.2% G1-2 

diarrhea, 55.3% vs 

54% G1-2 fatigue, 

57.6% vs 55.6% G1-2 

paronychia, 10.7% vs 

9.5% G1-2 

leukopenia, 11.9% vs 

15.9% G1-2 increased 

LFT, 8.9% vs 17.5% 

hyponatremia 

 

Grade3/4 AEs 

No cumulative data* 

*1.8% (1/56) vs 0 skin 

disorders, 3.6% (2/56) 

vs 0 diarrhea, 7.1% 

(4/56) vs 4.8% (3/63) 

hyponatremia, 0 vs 

4.8% (3/63) increased 

LFT, 1.8% (1/56) vs 0 

leukopenia 

 

Any grade pneumonia 

12.5% (7/56) vs 4.8% 

(3/63) 

Zhou Y (2024) Phase II single arm trial 

with a pre-specified PSM 

comparison 

Oligoresidual disease 

First line 

Consolidation LAT 

Common mutations only 

 

Oligoresidual after 

TKI: ≤3 organs and ≤5 

lesions in patients 

without baseline brain 

metastases; ≤3 brain 

metastases, each ≤3 

cm, in patients with 

residual brain 

metastases 

(extracranial ORD not 

required). 

3rd generation 

(Osimertinib, 

Aumolertinib) 

 

 

 

China RT only 

Primary tumor and all 

metastatic sites 

Cranial SRT (27 Gy in 

3 fractions) and 

extracranial SBRT 

according to NRG-

BR001 multisite 

ablative schedules 

 

N=122 (intervention 

N=61; control=61). 

PFS 

aHR 0.64 (0.43-0.94) 

Median 15.50 vs 9.33 

months, p=0.002 

 

OS 

aHR 0.87 (0.56-1.36) 

Median 29.10 vs 26.33 

months 

Any grade AEs 

No comparative data 

reported* 

*70% (43/61) any 

grade toxicity 

 

Grade3/4 AEs 

No comparative data 

reported* 

*6.6% (4/61) any G3-

4 toxicity 

 

Any grade pneumonia 
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No comparative data 

reported* 

*27.9% (17/61) in the 

combination arm 

 

Table 1. Characteristics and outcomes of randomised and non-randomised comparative studies evaluating EGFR TKI monotherapy with or without local ablative therapy 

Summary of the main design features, treatment strategies, efficacy outcomes, and safety signals of all randomised controlled trials (RCTs) and non-randomised comparative studies 

included in the quantitative meta-analyses. For prospective trials evaluating consolidative local ablative therapy (LAT), the attrition rate is reported when available and represents the 

proportion of patients who initiated epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI) therapy but did not proceed to LAT because of early disease progression, 

toxicity, or other protocol-specified or clinical reasons. For time-to-event outcomes, adjusted hazard ratios (aHRs) were preferentially extracted when available, as they better account 

for baseline imbalances and confounding in non-randomised studies. Unadjusted hazard ratios (uHRs) were used only when adjusted estimates were not reported. Safety data are reported 

as provided by the original studies. When cumulative incidence of adverse events (AEs) was not available, the most relevant grade-specific (G) or event-specific data are reported in 

footnotes. 

Abbreviations: AE, adverse event; aHR, adjusted hazard ratio; BM, brain metastasis; CI, confidence interval; CNS, central nervous system; EGFR, epidermal growth factor receptor; FSRT, 

fractionated stereotactic radiotherapy; G, grade; HR, hazard ratio; IMRT, intensity modulated radiotherapy; LAT, local ablative therapy; LCT, local consolidative therapy; MDT, metastasis 

directed therapy; NR, not reached; NSCLC, non small cell lung cancer; ORD, oligoresidual disease; OS, overall survival; PFS, progression free survival; PSM, propensity score matching; 

RCT, randomised controlled trial; RFA, radiofrequency ablation; RT, radiotherapy; SABR, stereotactic ablative radiotherapy; SBRT, stereotactic body radiotherapy; SRS, stereotactic 

radiosurgery; TKI, tyrosine kinase inhibitor; uHR, unadjusted hazard ratio; VMAT, volumetric modulated arc therapy; WBRT, whole brain radiotherapy. 
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Study ID Design, eligibility and 

population 

Burden of disease 

details 

EGFR TKI Country  Intervention, LAT 

details  

Sample size Efficacy results Safety results 

An (2019) Retrospective observational 

study 

Oligometastatic 

First line 

Variable LAT timing 

Sensitizing mutations (no 

further details) 

 

 

NA NA China RT only 

All brain metastases 

and extracranial 

metastases. 

SRS for brain 

metastases and 

conventional fractional 

radiotherapy for 

extracranial metastasis. 

N=98 (intervention 

N=49; control N=49) 

 

PFS  

Median 17 vs 10 

months (p=0.002) 

 

OS 

Median 38 vs 29 

months (p=0.043) 

NA 

Shi (2022) Phase II single arm trial 

Mixed population 

First line 

Early consolidative LAT  

Common mutations only 

NA 1st generation 

(Gefitinib, Icotinib) 

China RT only 

Primary tumor only 

SBRT 40-60 Gy in 5-8 

fractions 

N=41 PFS 

Median 15.2 months 

 

OS 

Median 25.5 months 

NA 

Wang (2023) Retrospective observational 

study 

Oligometastatic to the brain 

(brain only) 

First line 

Upfront LAT integration 

Common and uncommon 

mutations 

≤4 brain metastases, 

with a maximal size of 

≤4 cm 

1st generation 

(Gefitinib, Erlotinib, 

Icotinib) 

China RT only 

Brain metastases only 

SRS 24 Gy in 1 

fraction (for lesions <1 

cm), 18 Gy in 1 

fraction (2-3 cm), or 

16 Gy in 1 fraction (3-

4 cm) 

N= 53 (intervention 

N=14; control N=39) 

PFS 

Median 20 vs 11 

months, p=0.004 

 

OS 

Median 30 vs 26 

months, p=0.552 

NA 

Tsushita (2015) Retrospective observational 

study 

Mixed population (brain 

only) 

First line 

Upfront LAT integration 

EGFR mutations not 

specified  

NA NA Japan RT only 

Brain metastases only 

SRS (no further 

details) 

N=38 (intervention N= 

7, control N=15 [TKI 

alone] and N=16 

[WBRT plus TKI]) 

PFS  

Median 398 days vs 

469 days (control) 

 

NA 

Sampath (2025) Phase II single arm trial 

Mixed population 

First line 

Consolidation LAT 

Common mutations only 

 

NA 3rd generation 

(Osimertinib) 

USA (race/ethnicity 

not reported) 

RT only 

Up to six sites or 

organs could receive 

RT, with intent to treat 

all sites of residual 

disease.  

SBRT, common doses 

were 24 Gy in 1 

fraction, 27–30 Gy in 

3 fractions, and 35 Gy 

in 5 fractions 

N=42 

Attrition rate 24% 

PFS 

Median 32.3 months 

(95%CI: 21.9-51.7) 

 

OS 

Median 45.0 months 

(95%CI: 39.3-56.4) 

The regimen was well 

tolerated, with most 

toxicities being grade 

1-2. 

2 patients (5%) 

developed 

pneumonitis, including 

one Grade 4 event 

Zheng (2019) Phase II single arm trial 

Mixed population 

First line 

Upfront LAT integration 

Common mutations only 

NA 1st generation 

(Erlotinib, Gefitinib) 

China RT only 

Primary tumor only 

Conventional RT 

Standard-fractionation 

(60–66 Gy in 2 Gy 

fractions) or 

hypofractionated 

radiotherapy (60–66 

Gy in 3–4 Gy 

fractions) 

N=10 PFS  

Median 13 months 

 

Grade ≥3 adverse 

events included 

radiation pneumonitis 

(20%, 2/10 patients). 

One patient died from 

pneumonitis 
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Zhang L (2022) Phase II randomized study 

Mixed population 

First line 

Consolidation LAT 

integration 

Common mutations only 

NA 1st generation 

(Gefitinib, Erlotinib, 

Icotinib) 

China RT only 

No details on specific 

sites 

SBRT 40-50 Gy in 5 

fractions 

N=61 (no further 

details available) 

PFS 

Median 17.6 vs 9.0 

months 

p=0.016 

 

OS 

Median 33.6 vs 23.2 

months 

P=0.026 

Treatment-related 

adverse events 

reported as generally 

safe and controllable 

 

Table 2. Descriptive studies evaluating first-line EGFR TKI with local ablative therapy not included in the quantitative meta-analyses. 

Summary of main design characteristics, patient populations, treatment strategies, and reported outcomes of descriptive studies evaluating the integration of local ablative treatments 

(LAT) with epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) in the first-line setting that did not contribute to the quantitative meta-analyses because of the 

absence of extractable comparative hazard ratios or non-comparative study designs. 

All included studies were restricted to first-line EGFR TKI treatment and comprised a heterogeneous mix of retrospective observational cohorts, prospective single-arm phase II trials, 

and one randomised phase II study without available hazard ratios. LAT was delivered either upfront or as early consolidative therapy and was primarily radiotherapy-based, including 

stereotactic radiosurgery (SRS), stereotactic body radiotherapy (SBRT), and conventionally fractionated radiotherapy to the primary tumour, brain metastases, or extracranial sites. Safety 

data are reported as provided in the original publications and were not consistently available across studies. 

Abbreviations: AE, adverse event; BM, brain metastasis; CI, confidence interval; EGFR, epidermal growth factor receptor; HR, hazard ratio; LAT, local ablative therapy; NA, not available; 

OS, overall survival; PFS, progression free survival; RCT, randomised controlled trial; RT, radiotherapy; SBRT, stereotactic body radiotherapy; SRS, stereotactic radiosurgery; TKI, tyrosine 

kinase inhibitor; WBRT, whole brain radiotherapy. 
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Records identified from:

Databases (n = 3423):

EMBASE (n = 2910)

MEDLINE (n = 513)

AI-based search engine (n = 

500):

Elicit (n = 500)

Records removed before screening:

Duplicate records removed (n = 

669)

Records marked as ineligible by 

automation tools (n = 303)

Records removed for other reasons 

(n = 0)

Records screened

(n = 2951)

Records excluded**

(n = 2775)

Reports sought for retrieval

(n = 176)
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Reports assessed for eligibility

(n = 176) Reports excluded:

Review, meta-analysis or case-

report (n = 107)

Phase I/exploratory studies (n = 18)

Unresectable stage III only (n = 9)

Post-progression RT (n = 6)
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

Source: Page MJ, et al. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.
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