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Objective: To investigate the optimal management of patients with epidermal growth factor receptor gene ( EGFR ) 

mutant locally advanced non-small cell lung cancer (LA-NSCLC). 

Methods: Patients with unresectable stage III lung adenocarcinoma (LAC) harboring EGFR mutations from 2012 

to 2018 were analyzed retrospectively, and were categorized into three groups according to the primary treat- 

ment: chemoradiotherpy (CRT) (group 1), combined radiation therapy (RT) and EGFR-tyrosine kinase inhibitors 

(TKI) with/without chemotherapy (group 2), and EGFR-TKI alone until tumor progression (group 3). Inverse 

probability of multiple treatment weighting (IPTW) of propensity score was used to compare overall survival 

(OS) and progression free survival (PFS) between treatments and account for confounding. 

Results: A total of 104, 105, and 231 patients were categorized into groups 1, 2, and 3, respectively. After IPTW 

adjustment, the median PFS for each group was 12.4, 26.2, and 16.2 months (log-rank P < 0.001), and the median 

OS was 51.0, 67.4 and 49.3 months (log-rank P = 0.084), respectively. Compared with those in group 1, patients 

in group 2 had significantly improved PFS [adjusted hazard ratio HR (aHR), 0.40; 95% confidence interval (CI): 

0.29, 0.54; P < 0.001] and OS (aHR, 0.61; 95% CI: 0.38, 0.98; P = 0.039). Patients in group 3 had prolonged 

PFS (aHR, 0.66; 95% CI: 0.50, 0.87; P = 0.003), but not OS (aHR, 0.90; 95% CI: 0.62, 1.32; P = 0.595). Doubly 

robust IPTW analysis and multivariable Cox regression analysis yielded similar findings. 

Conclusions: EGFR-TKIs after chemoradiation or combined with radiation alone correlated with the longest PFS 

and OS (versus CRT or TKIs alone) in patients with EGFR -mutant unresectable LA-NSCLC. Well-designed prospec- 

tive trials were warranted. 
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. Introduction 

Non-small cell lung cancer (NSCLC) with epidermal growth factor re-

eptor (EGFR) activating mutations forms a distinct subgroup, account-

ng for 10% of the Caucasian patients with stage-IV lung adenocarci-

oma (LAC) and up to 50% of Asian patients. 1 It has a unique biol-

gy with a high response rate ( ∼70%) to targeted therapy with EGFR-

yrosine kinase inhibitors (TKIs), more sensitive to radiation therapy,

nd a poor response to immunotherapy. 2-4 Therefore, genotype-directed

herapy has been established in routine clinical practice for patients with

tage-IV NSCLC. 

Approximately 30% of patients with NSCLC have locally advanced

isease (LA-NSCLC). 5 In contrast to stage-IV NSCLC, ∼15–20% of pa-

ients with LA-NSCLC treated with chemoradiotherapy (CRT) are cur-

ble. Concurrent CRT is currently the standard care, and consolidation

mmunotherapy is recommended for those without progression after

oncurrent CRT. 6 No evidence has supported genotype-driven treatment

n an LA-NSCLC cohort because most of the patients enrolled in random-

zed phase-3 trials were current or former smokers, who rarely have

GFR mutations. For example, only 6.0% of the patients had EGFR mu-

ations in the PACIFIC study, and no significant benefit with durvalumab

as observed in this prespecified subgroup. Therefore, whether overall

urvival (OS) benefit favored durvalumab in EGFR -mutant LA-NSCLC

emained inconclusive. Several retrospective small studies ( n < 40) in-

icate that these patients might have distinct clinical features, including

 shorter progression-free survival (PFS) after CRT and a higher likeli-

ood of distant metastases, 7-14 which highlight the potential benefit of

arly use of EGFR-TKI targeted therapy. 

In China, CRT is used to treat unresectable stage-III EGFR -mutant

AC according to the current National Comprehensive Cancer Network

NCCN) guidelines. 15 However, considering the lower toxicity profile

nd better health-related quality of life of stage-IV patients receiving

GFR-TKI, some Chinese patients with EGFR -mutant LA-NSCLC choose

arget therapy alone and refuse CRT as their primary treatment. Cur-

ently, there is no evidence at all to either support or discourage EGFR-

KI monotherapy for patients with LA-NSCLC suitable for thoracic RT.

ecognizing the paucity of data for patients with unresectable stage-III

SCLC harboring EGFR mutations, we conducted a retrospective analy-

is (REFRACT program: radiotherapy in EGFR-mutant locally-advanced

ung cancer study) using individual patient data from 12 Chinese aca-

emic cancer institutions to address this evidence gap. 

. Materials and methods 

.1. Study design and participants 

We retrospectively collected data from 12 Chinese academic cancer

nstitutions between January 2012 and December 2018 for patients with

A-NSCLC harboring EGFR mutations (Supplementary Table 1). Patients

ith anaplastic lymphoma kinase ( ALK ) gene rearrangements were ex-

luded. Available baseline data and clinical and imaging follow-up data

for > 6 months) were required to assess the outcomes. 

Based on the primary treatment pattern, patients were categorized as

ollows: group 1: concurrent or sequential CRT; group 2: EGFR-TKIs after

RT or combined with RT alone; group 3: EGFR-TKIs alone until tumor

rogression. Generally, patients were followed up every 3 months for

he first year, then every 3 to 6 months thereafter. Intensity modulated

adiation therapy (IMRT) was used preferred. The gross tumor volume

GTV) included the primary tumor as well any involved regional lymph

ode (GTV-nd). Clinical target volume (CTV) included GTV plus a 6–

 mm margin, ipsilateral hilum and involved lymph node regions, the

lanning target volume (PTV) included the CTV plus 5 mm. 

Molecular pathology associated with EGFR mutations was evaluated

sing either polymerase chain reaction (PCR) amplification or next gen-

ration sequencing. Cell-free DNA testing was performed in specific cir-

umstances if insufficient tissue was available for molecular analysis. 
66 
.2. Outcomes 

Both PFS and OS were calculated from the date of diagnosis. The ef-

cacy of salvage targeted therapy was assessed by determining the PFS2

s the interval between the first progression and the second progression,

eath, or last follow-up. 

.3. Statistical analysis 

Patient and tumor characteristics were compared using the 𝜒2 test or

isher’s exact test. OS, PFS, and PFS2 were estimated using the Kaplan-

eier method. The roles of different treatment regimens and the base-

ine characteristics in OS and PFS were explored using log-rank tests and

he Cox proportional hazard regression model. Formal test 16 and Scaled

choenfeld residuals 17 were used to assess the proportional hazards as-

umptions when necessary. To properly evaluate the failure patterns, the

rst site of recurrence (local regional or distant) was analyzed by con-

idering death as a competing risk, respectively. 18 Cumulative incidence

urves and Fine-Gray regression models for subdistribution hazard were

hen used to summarize and evaluate the first recurrences in different

reatment groups. 

To reduce the effects of potential confounding factors in the com-

arison of different clinical outcomes among the three treatment groups

hile maximizing the effective sample sizes, inverse-probability of treat-

ent weighting (IPTW) based on a multinomial propensity score model

as used. The multinomial propensity score was estimated using gen-

ralized boosted regression model 19 included the following potential

onfounders: age, sex, smoking status, Eastern Cooperative Oncology

roup (ECOG) performance status, American Joint Committee on Can-

er (AJCC) stages, positron emission tomography-computed tomogra-

hy (PET-CT) staging, and mutation type. Standardized mean differ-

nces in covariate values were used to assess the covariate balance in

he IPTW sample. Both unadjusted and IPTW-adjusted Kaplan-Meier es-

imates of OS and PFS rates, as well as cumulative incidences of failure

atterns were reported. For sensitivity analyses, conventional multivari-

ble Cox regression analyses, as well as doubly-robust IPTW analysis us-

ng Cox model, 20 were both performed to adjust potential residual con-

ounding. A two-sided P < 0.05 was considered statistically significant,

xcept for OS per the study design. All analyses were performed using

TATA software, version 16.0 (StataCorp, College Station, TX, USA) and

 software (version 3.4.2). 

. Results 

.1. Patient characteristics 

440 patients were included to assess the outcomes, accounting for

4.1% of all the patients with unresectable stage III lung adenocarci-

oma screened. 104 patients (23.6%) were assigned to group 1, 105

23.9%) were assigned to group 2, and 231 (52.5%) were assigned to

roup 3. As shown in Table 1 , the baseline characteristics were well

alanced except that patients receiving EGFR-TKIs alone were older

 P = 0.001). 57.0% patients used PCR and 30.7% was next genera-

ion sequencing. In the induction phase, platinum-based doublet agents

egimens recommended by NCCN guideline of NSCLC were used (in-

luding pemetrexed, paclitaxel, or gemcitabine and platinum). In the

oncurrent chemotherapy, pemetrexed and cisplatin, or etoposide and

isplatin were used. 98.2% of the patients first-line use of TKIs (group

 and 3) received gefitinib, erlotinib, or Icotinib. 82.4% of the patients

rogressed in group 1 received salvage EGFR-TKIs, among whom 90.7%

ere treated with gefitinib, erlotinib, or Icotinib. 

.2. Univariate analysis of survival outcomes 

For the entire cohort with a median follow-up of 35.9 months [in-

erquartile range (IQR): 23.8–53.6], the crude median PFS and OS were
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Table 1 

Demographic and baseline clinical characteristics of patients. 

Unweighted, number (%) Weighed, mean (%) 

Characteristic Overall 

( n = 440) 

CRT 

( n = 104) 

EGFR-TKI + RT 

( n = 105) 

EGFR-TKI 

( n = 231) 

P EGFR-TKI + RT 

vs. CRT 

EGFR-TKI 

vs. CRT 

EGFR-TKI + RT 

vs. EGFR-TKI 

Age 

Median (range) 61 (30–89) 58 (30–82) 56 (37–80) 63 (30–89) 0.001 

≥ 60 225 (51.1%) 46 (44.2%) 42 (40.0%) 137 (59.3%) 49.3 48.3 49.3 

< 60 215 (48.9%) 58 (55.8%) 63 (60.0%) 94 (40.7%) 50.7 51.7 50.7 

Sex 

Female 265 (60.2%) 54 (51.9%) 62 (59.0%) 149 (64.5%) 0.090 60.8 60.4 60.8 

Male 175 (39.8%) 50 (48.1%) 43 (41.0%) 82 (35.5%) 39.2 39.6 39.2 

Smoking 

Yes 130 (29.5%) 37 (35.6%) 25 (23.8%) 68 (29.4%) 0.176 26.3 29.4 26.3 

No 310 (70.5%) 67 (64.4%) 80 (76.2%) 163 (70.6%) 73.7 70.6 73.7 

ECOG PS 

< 2 417 (94.8%) 99 (95.2%) 103 (98.1%) 215 (93.1%) 0.155 96.9 95.0 96.9 

≥ 2 23 (2.8%) 5 (4.8%) 2 (1.9%) 16 (6.9%) 3.1 5.0 3.1 

Stage 

III A 155 (35.2%) 30 (28.8%) 44 (41.9%) 81 (35.1%) 0.142 33.6 34.3 33.6 

III B 285 (64.8%) 74 (71.2%) 61 (58.1%) 150 (64.8%) 66.4 66.7 66.4 

PET-CT 

Yes 126 (28.6%) 38 (36.5%) 38 (36.2%) 50 (21.6%) 0.003 70.6 71.3 70.6 

No 314 (71.4%) 66 (63.5%) 67 (63.8%) 181 (78.4%) 29.4 28.7 29.4 

EGFR mutation 

19DEL 217 (49.3%) 53 (51.0%) 53 (50.5%) 111 (48.1%) 0.559 49.1 49.8 49.1 

L858R 186 (42.3%) 39 (37.5%) 43 (41.0%) 104 (45.0%) 43.9 43.3 43.9 

Uncommon 37 (8.4%) 12 (11.5%) 9 (8.3%) 16 (6.9%) 6.9 6.9 6.9 

Abbreviations: CRT, chemoradiation therapy; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; PET- 

CT, positron emission tomography-computed tomography; RT, radiotherapy; TKI, tyrosine kinase inhibitor. 
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Table 2 

Summary of unadjusted and propensity score-weighted analysis re- 

sults. 

Treatment Hazard ratio (95% CI) P 

PFS 

Unadjusted 

EGFR-TKI + RT vs CRT 0.43 (0.32–0.59) < 0.001 

EGFR-TKI vs CRT 0.69 (0.54–0.89) 0.005 

EGFR-TKI + RT vs EGFR-TKI 0.63 (0.48–0.82) 0.001 

Propensity score adjusted 

EGFR-TKI + RT vs CRT 0.40 (0.29–0.54) < 0.001 

EGFR-TKI vs CRT 0.66 (0.50–0.87) 0.003 

EGFR-TKI + RT vs EGFR-TKI 0.60 (0.46–0.79) < 0.001 

OS 

Unadjusted 

EGFR-TKI + RT vs CRT 0.62 (0.40–0.96) 0.035 

EGFR-TKI vs CRT 1.04 (0.73–1.48) 0.875 

EGFR-TKI + RT vs EGFR-TKI 0.59 (0.39–0.90) 0.017 

Propensity score adjusted 

EGFR-TKI + RT vs CRT 0.61 (0.38–0.98) 0.039 

EGFR-TKI vs CRT 0.90 (0.62–1.32) 0.595 

EGFR-TKI + RT vs EGFR-TKI 0.68 (0.43–1.06) 0.089 

Abbreviations: CI, confidence interval; CRT, chemoradiation ther- 

apy; EGFR, epidermal growth factor receptor; OS, overall survival; 

PFS, progression-free survival; Propensity score adjusted, score ad- 

justed based on the inverse probability of multiple treatment weight- 

ing method; RT, radiotherapy; TKI, tyrosine kinase inhibitor. 

T  

P

 

t  

a  

(  

0  

P  

0

6.9 months [95% confidence interval (CI): 15.3, 18.5] and 53.9 months

95% CI: 46.6, 61.1), respectively. 

The median PFSs for groups 1–3 were 12.6 months (95% CI: 10.5,

4.7), 24.8 months (95% CI: 17.6, 32.1), and 15.9 months (95% CI:

3.1, 18.6), respectively (log-rank P < 0.001; Fig. 1 A). The median OS

or groups 1–3 were 52.1 months (95% CI: 41.7, 57.5), 67.4 months

95% CI: 56.8, 78.0), and 46.5 months (95% CI: 35.5, 57.6), respectively

log-rank P = 0.037; Fig. 1 B). The 3 and 5-year OS rates were 63.5%

95% CI: 52.4%, 72.7%) and 33.8% (95% CI: 21.1%, 47.0%) for group

, 74.2% (95% CI: 63.0%, 82.5%) and 60.6% (95% CI: 46.6%, 72.1%)

or group 2, and 57.8% (95% CI: 49.3%, 65.5%) and 38.8% (95% CI:

7.0%, 50.5%) for group 3, respectively. Notably, the OS was similar in

roup 2 with or without chemotherapy (CT) [hazard ratio (HR), 0.70;

5% CI: 0.32,1.53; P = 0.367]. In group 1, the PFS and OS was simi-

ar for the concurrent versus sequential irradiation and chemotherapy

 P = 0.904; P = 0.896) respectively (Supplementary Fig. 1).The PFS2 of

alvage EGFR-TKI therapy for patients receiving CRT was 10.2 months

95% CI: 7.6, 12.8). 

.3. IPTW analysis of survival outcomes 

The propensity score model consisted of age, sex, ECOG performance

tatus, smoking status, disease stage, PET-CT staging, and the EGFR mu-

ation type. As shown in Table 1 , IPTW adjustment resulted in an excel-

ent balance of baseline characteristics among treatment groups (Sup-

lementary Table 2 and 3). 

The IPTW-adjusted median PFS were 12.4 months (95% CI: 11.4,

5.5), 26.2 months (95% CI: 19.8, 36.4), and 16.2 months (95% CI:14.1,

9.5) (log-rank P < 0.001), and median OS were 51.0 months (95% CI:

6.4, 60.7), 67.4 months [95% CI: 50.1, not reached (NR)], and 49.3

onths (95% CI: 39.3, NR) (log-rank P = 0.084) in groups 1, 2, and 3,

espectively ( Fig. 1 C and D). As summarized in Table 2 , consistent with

he results for the overall study population, compared to patients who

eceived CRT, patients receiving TKIs after CRT or combined with RT

howed significantly improved PFS [adjusted HR (aHR), 0.40; 95% CI:

.29, 0.54; P < 0.001) and OS (aHR, 0.61; 95% CI: 0.38, 0.98; P = 0.039).
67 
KI treatment alone prolonged the PFS (aHR, 0.66; 95%CI: 0.50, 0.87;

 = 0.003) but not OS (aHR, 0.90; 95% CI: 0.62, 1.32; P = 0.595). 

Similar results were found by doubly robust IPTW analysis and mul-

ivariable Cox regression analysis (Supplementary Table 4 and 5). TKIs

fter CRT or combined with RT significantly improved both the PFS

aHR, 0.39; 95% CI: 0.29, 0.54; P < 0.001) and OS (aHR, 0.60; 95% CI:

.37, 0.97; P = 0.036) of patients. TKI treatment alone prolonged the

FS (aHR, 0.69; 95%CI: 0.52, 0.90; P = 0.007) but not the OS (aHR,

.91; 95% CI: 0.63,1.32; P = 0.630). 
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Fig. 1. Progression-free survival (PFS) and overall survival (OS) evaluated using the Kaplan–Meier method before (A, B) and after (C, D) inverse-probability of 

treatment weighting analysis for overall corhorts. CRT, chemoradiation therapy; EGFR, epidermal growth factor receptor; RT, radiation therapy; TKI, tyrosine kinase 

inhibitor. 
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Because uncommon EGFR mutations (such as exon 20 insertion)

ere with lower likelihood of response to EGFR-TKI, a sensitivity anal-

sis was conducted by excluding patients with uncommon EGFR muta-

ions (Supplementary Fig. 2). Among those who had activating EGFR

utations [exon 19 deletion (19DEL) or L858R], the effect sizes of re-

eiving RT + TKI with/without CT vs CRT alone are similar to those in

ull cohort, e.g., PFS aHR was 0.37 (95% CI: 0.26, 0.52; P < 0.001), OS

HR was 0.61 (95% CI: 0.45, 0.82; P = 0.082), with expected wider CIs

ue to reduced number of PFS and OS events. 

.4. Initial failure patterns and the efficacy of salvage EGFR-TKI after CRT

Using an IPTW-adjusted Fine-Gray regression model for competing

isks, RT + TKIs with/without CT was associated with a lower proba-

ility of local regional recurrence, with an aHR of 0.48 (95% CI: 0.31,

.77; P = 0.002; Fig. 2 A and C; Supplementary Table 6). Both RT + TKIs

ith/without CT and TKIs alone correlated with a lower probability

f initial distant metastasis with aHRs of 0.62 (95% CI: 0.42, 0.90;

 = 0.013) and 0.56 (95% CI: 0.39, 0.79; P < 0.001), respectively

 Fig. 2 B and D; Supplementary Table 7). Similar findings were found

n multivariable competing risk analyses. 

. Discussion 

We detected genomic EGFR alterations in approximately 24% of the

ested Chinese patients with unresectable stage III LAC, which was sig-

ificantly lower than that reported for stage IV Asian patients. 21 Similar

o finds with advanced patients, 22 EGFR mutations were more prevalent

n females and non-smokers in a locally advanced setting. More T1-T2
68 
esions were present in these patients than patients with in wild-type

GFR. These findings are important for understanding the biological fea-

ures of EGFR -mutant NSCLC. 

The efficacy of consolidation durvalumab after CRT remained unsat-

sfactory in this patient population. the distant relapse occurred more

requently (especially brain metastases), suggesting that an effective sys-

emic consolidation regimen should be developed for this population.

oreover, in PACIFIC, the median PFS of 10.3 months among EGFR -

utant patients was significant shorter as compared with the overall

ohort (17.2 months). Similarly, in a recent retrospective, multicenter

nstitution series, patients with EGFR -mutant LA-NSCLC had a median

FS of 10.3 months and might experience a high frequency of immune-

elated adverse events (irAEs). 23 For stage III NSCLC, longer PFS or

isease-free survival (DFS) was demonstrated in response to the com-

ination of EGFR-TKI and local therapy (surgery or radiotherapy), ver-

us combined local therapy and chemotherapy, in subgroup analyses of

wo phase III studies. 24 , 25 Similary to our findings, Aredo JV, et al. re-

ently reported that CRT and EGFR-TKI consolidation was associated

ith a significantly longer median PFS (26.1 months) compared to dur-

alumab following CRT or CRT alone (log-rank P = 0.023). 23 However,

t remains unknown whether the combination of genotype-driven EGFR-

KI and local therapy can improve OS. In our series, a median OS of 67.4

onths in the RT + TKI group was observed, which was longer compared

o the CRT group (51.0 months) and the TKI-alone group (49.3 months).

he median OS of the CRT group in our study was in line with similar

istorical data (median OS, 34.6–51.1 months; Table 3 ). Using doubly

obust propensity score IPTW analysis and multivariable Cox-regression

nalysis, the survival differences were still significant among all three

reatment groups, suggesting that the improved OS seen in the TKIs after
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Fig. 2. The incidence of locoregional failure and distant progression determined by competing risk analysis before (A, B) and after (C, D) inverse-probability of 

treatment weighting analysis. CRT, chemoradiation therapy; EGFR, epidermal growth factor receptor; RT, radiation therapy; TKI, tyrosine kinase inhibitor. 

Table 3 

Comparison with different treatments studies for EGFR mutant LA-NSCLC. 

Study Type Center No. of 

patients 

Treatment mFU 

(months) 

ORR mPFS 

(months) 

MST 

(months) 

Pneumonitis incidence 

G2 G3-G4 G5 

CRT 

Kosuke Tanaka, et al. (2015) 5 R S 29 CCRT 35 74% 9.8 51.1 NA NA NA 

Yu Jin Lim, et al. (2017) 6 R S 26 CCRT 22.4 89% NA 3 years: 68% NA NA NA 

Song Ee Park, et al. (2019) 7 R S 36 CCRT 66.5 72.2% 8.9 34.6 NA NA NA 

Masaki Nakamura, et al. (2019) 8 R S 34 CCRT/SCRT 36.0 NA 3 years: 15% 3 years: 46% NA NA NA 

Shigehiro Yagishita, et al. (2014) 9 R S 34 CCRT/SCRT 29.0 79% NA 46.9 NA NA NA 

Hiroaki Akamatsu, et al. (2014) 10 R S 13 CCRT NA 76.9% 9.6 57.9 NA NA NA 

HIDETOSHI HAYASHI, et al. (2012) 11 R S 11 CCRT/SCRT 20.7 90.9% 13.1 67.5 NA NA NA 

Hidehito Horinouchi, et al. (2020) 12 R M 29 CCRT/SCRT 31.6 NA 16.9 NA NA NA NA 

Jacqueline V. Aredo, et al. (2021) 20 R M 16 CCRT 14.5 NA 6.9 NA 8.3% 16.7% 0 

Our Study R M 104 CCRT/SCRT 49.3 NA 12.4 51.0 NA NA 0 

CRT/RT + TKI 

LOGIK0902/OLCSG0905 (2021) 32 P M 20 TKI + CCRT 47.5 75% 2 years: 37% 2 years: 90% NA 0 0 

RECEL (2021) 26 P M 20 RT + TKI 21.3 70% 24.5 NA NA 16.7% 0 

WJOG6911L (2021) 27 P M 28 RT + TKI 51.8 81.5% 18.6 61.1 30% 4% 0 

Jacqueline V Aredo, et al. (2021) 20 R M 8 CRT + TKI 14.5 NA 26.1 NR NA NA NA 

Our Study R M 105 CRT/RT + TKI 38.1 NA 26.2 67.4 NA NA 0 

TKI alone 

Ranpu Wu, et al. (2021) 33 R S 63 TKI NA NA 13.87 41.47 NA NA NA 

Our Study R M 231 TKI 30.7 NA 16.2 49.3 NA NA 0 

Abbreviations: CCRT, concurrent chemoradiotherapy; CRT, chemoradiation therapy; EGFR, epidermal growth factor receptor; LA-NSCLC, locally advanced non- 

small cell lung cancer; M, multi-center; mFU, median follow-up time; mPFS, median progression-free survival; MST, median overall survival time; NA, not available; 

ORR, objective response rate; P, perspective; R, retrospective; RT, radiation therapy; S, single center; SCRT, sequential chemoradiotherapy; TKI, Tyrosine kinase 

inhibitor. 
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RT or combined with RT group was likely due to effective treatment,

fter accounting for potential selection bias or confounding factors. Sim-

larly, a population-based retrospective study also revealed that thoracic

T after EGFR-TKI treatment was an independent prognostic factor for

S in patients with stage IIIB EGFR -mutant NSCLC. 26 

Improved OS in patients who received RT + TKI might be ex-

lained by the effective control of both local regional and distant dis-

ases. Definitive RT may control intrathoracic tumors, whereas EGFR-
69 
KI simultaneously control potentially micrometastatic disease, result-

ng in prolonged survival. Using a competing-risks regression model,

T + TKI was associated with the lowest probabilities of both local

egional progression (aHR, 0.48; 95% CI: 0.31, 0.77; P = 0.002) and

istant metastasis progression (aHR, 0.62; 95% CI: 0.42, 0.90; P <

.001) in our study. Multiple findings have shown that EGFR -mutant

SCLC is highly radiosensitive in both preclinical and clinical set-

ings. 27 , 28 However, locoregional failure became the most dominant
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ailure pattern in the TKI alone group, resulting in shorter survival,

emonstrating that initial definitive thoracic RT is indispensable for

A-NSCLC. 

It remains unknown how to optimally administer EGFR-TKI with RT

or improved efficacy and minimized toxicity in unresectable stage III

GFR -mutant NSCLC. A multicenter, randomized phase 2 trial (RECEL)

omparing erlotinib (up to 2 years) with concurrent RT ( E + RT) versus

oncurrent chemoradiation (NCT01714908) found that a significantly

onger PFS (median: 24.5 vs 9.0 months; HR, 0.104; 95% CI: 0.028,

.389; P < 0.001) for E + RT versus concurrent CRT. 29 The results of a

ingle arm phase-II study (West Japan Oncology Group 6911L) demon-

trated that gefitinib treatment (up to 2 years) with concurrent RT (to-

al of 64 Gy) resulted in an encouraging median PFS of 18.6 months

95%CI: 12.0, 24.5) and a median OS of 61.1 months (95%CI: 38.1, NR),

espectively. Only 2 patients (7.4%) failed within radiation field. The

ost common site of initial recurrence was the brain, which provides

upport for investigation of third-generation EGFR-TKI in this patients

opulation. 30 

The lung toxicity of the concurrent use of RT and EGFR ‐TKI is a par-

icular concern. In the recent RECEL study, 16.7% of patients developed

rades 3 to 4 radiation pneumonitis (RP) in the concurrent RT and er-

otinib group, and no grade 5 RP was observed. 29 In the WJOG6911L

tudy, all events of pneumonitis were mild (grade 2: 30.0%; no grade

–5) when patients were treated with concurrent gefitinib and RT. 30 

u KP, et al. retrospectively analyzed 45 patients treated with con-

urrent RT and EGFR-TKI during 2012 to 2017. 37.7% of these pa-

ients developed symptomatic RP (grades 2 + ) and 6.7% had severe

grade 3) RP. However, no grade 4 to 5 adverse events and limited late

ung toxicity were observed. 31 These results demonstrated the feasibil-

ty of thoracic RT plus concurrent EGFR-TKI with the improvements

n the RT techniques. However, pulmonary toxicity should be carefully

onitored. 

This study had a few limitations. Although we attempt to balance

ost baseline characteristics using IPTW method and achieved well bal-

nce, the selection bias could not be excluded owing to our retrospective

esign and our results needed to be discussed critically. First, although

he OS of the CRT group was in line with historical data with higher

ET/CT staging utility, only approximately 30% patients had a base-

ine PET scan staging. Second, the details of toxicities could not be de-

ermined except for no treatment-related deaths (G5 toxicities). Third,

here were no control on the assessment schedules, while the magnitude

f PFS benefits is large enough (more than 2 scheduled visits) to con-

lude the PFS benefits should be robust. Moreover, recent studies sug-

ested that co-occurring TP53 mutations might result in poor response to

GFR-TKI therapy. Although we excluded patients with concurrent ALK

earrangement, information regarding co-curring mutations of other im-

ortant genes, such as TP53 or KRAS , were not available in our database.

inally, because the ethnic susceptibility of patients with EGFR muta-

ions is unclear, our results should be validated with different ethnic

opulations. 

. Conclusions 

To the best of our knowledge, this study is the largest multi-center

ohort analysis of patients with EGFR -mutant LA-NSCLC, and found that

he use of CRT followed by EGFR-TKIs or EGFR-TKIs combined with RT

orrelated with the longest PFS and OS in both doubly robust propensity

core IPTW analysis and multivariable Cox-regression analysis, suggest-

ng that the improved outcomes might be likely due to effective treat-

ent. Well designed prospective trials are warranted. The randomized

hase III LAURA trial (NCT03521154) is underway to assess the effi-

acy of osimertinib consolidation after concurrent CRT. The other ran-

omized, multicenter phase III trial (ChiCTR2000040590) evaluating

lmonertinib (HS-10296, a novel third-generation EGFR-TKI) with RT

ersus concurrent CRT is ongoing in China. The findings of these phase
70 
II studies will shed more light on the standard care for patients with

GFR -mutant unresectable LA-NSCLC. 
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