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Abstract
Background: Patients with advanced epidermal growth factor receptor (EGFR)-mutant lung 
adenocarcinoma (LAD) inevitably experience drug resistance following treatment with EGFR-
tyrosine kinase inhibitors (TKIs).
Objectives: We aimed to analyze the effect of primary tumor consolidative therapy (PTCT) on 
patients treated with first-line osimertinib.
Design and methods: This retrospective cohort study was conducted in patients with advanced 
stage III or stage IV LAD with EGFR-sensitizing mutations (exon 19 deletion or L858R mutation) 
with disease control after first-line osimertinib. A curative dose of primary tumor radiotherapy 
or primary tumor resection was classified as PTCT. We compared the progression-free 
survival (PFS) and overall survival (OS) of patients with and without PTCT.
Results: This study included 106 patients with a median age of 61.0 years, and of those, 42% 
were male and 73.6% were never-smokers. Exon 19 deletion was observed in 67.9%, 30.2% 
had a programmed cell death ligand 1 (PD-L1) tumor proportion score <1%, 33.0% had brain 
metastasis, and 40.6% had oligometastasis. In all, 53 (50%) patients underwent PTCT. Patients 
who underwent PTCT demonstrated significantly better PFS [30.3 (95% confidence interval 
(CI), 24.1–36.4) versus 18.2 (95% CI, 16.1–20.2) months; p = 0.005] and OS [not reached versus 
36.7 (95% CI, 32.5–40.9) months; p = 0.005] than patients who did not. A multivariate analysis 
showed that PTCT was an independent factor associated with better PFS [hazard ratio (HR), 
0.22; 95% CI, 0.10–0.49; p < 0.001] and OS [HR, 0.10; 95% CI, 0.01–0.82; p = 0.032]. The PFS 
benefits of PTCT were consistent across subgroups, and the HR tended to be lower in patients 
aged <65 years, males, smokers, stage IVB disease, L858R, PD-L1 expression ⩾1%, non-
oligometastasis, and brain metastasis.
Conclusion: Of the patients with advanced EGFR-mutant LAD, those who underwent PTCT 
had a significantly better survival outcome than those who did not. The survival benefits were 
consistent across different subgroups.
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Introduction
Lung cancer is the leading cause of cancer-related 
mortality worldwide.1 For patients with non-
small-cell lung cancer (NSCLC), particularly ade-
nocarcinoma, epidermal growth factor receptor 
(EGFR) mutations are one of the most common 
driver gene alterations.2 With superior progres-
sion-free survival (PFS) and fewer adverse events 
than chemotherapy, EGFR-tyrosine kinase inhibi-
tors (TKIs) have been approved as first-line treat-
ment in patients with metastatic EGFR-mutant 
NSCLC.3–5 Recent studies have demonstrated 
even better treatment outcomes with third-gener-
ation EGFR-TKIs (median PFS, 18.9–
19.3 months) than with first-generation TKIs.6,7

Drug resistance to EGFR-TKIs seems to be an 
inevitable issue. Researchers have promoted a 
combination with other treatments to delay 
EGFR-TKI resistance. Combining therapy of a 
first-generation EGFR-TKI, with either antian-
giogenic agents or chemotherapy, has improved 
PFS in patients with the L858R mutation or exon 
19 deletion8–11; however, the combination of osi-
mertinib and bevacizumab failed to demonstrate 
these survival benefits.12 Recently, the addition of 
thoracic surgery or radiation therapy to systemic 
therapy has been shown to result in better disease 
control than systemic therapy alone, especially for 
oligometastatic NSCLC.13–15 For patients with 
EGFR-mutant NSCLC, the addition of local 
consolidative therapy, including surgery or radio-
therapy, to first-generation EGFR-TKIs has also 
demonstrated survival benefits.16–19 However, the 
effects of adding local treatment to third-genera-
tion TKIs are unclear.

In this retrospective cohort study, our aim was to 
analyze the effects of primary tumor consolidative 
therapy (PTCT), including a curative dose of pri-
mary tumor radiotherapy or primary tumor resec-
tion, in patients with lung adenocarcinoma 
(LAD) treated with first-line osimertinib and 
under disease control.

Patients and methods

Patients
We enrolled lung cancer patients treated at Chung 
Shan Medical University Hospital, Taichung 
Veterans General Hospital, National Taiwan 
University Hospital, and National Taiwan 
University Cancer Center from November 2017 
to May 2021. Patients who were diagnosed with 

advanced stage III or stage IV LAD with an 
EGFR-sensitizing mutation (exon 19 deletion or 
the L858R mutation), treated with osimertinib as 
first-line systemic therapy, and those with disease 
control were eligible. Patients who underwent 
surgical resection for early-stage LAD and who 
experienced disease recurrence were also included 
in the analysis. Patients were excluded if they had 
a comutation with EGFR exon 20 insertion, intol-
erable side effects of osimertinib, poor perfor-
mance status [Eastern Cooperative Oncology 
Group performance status (ECOG PS) ⩾3], or 
another active cancer. Patients who did not 
achieve disease control after osimertinib treat-
ment were also excluded. Moreover, patients 
treated with combinations of chemotherapy, 
antiangiogenetic agents, or any anticancer drugs 
with osimertinib were excluded from the analysis. 
Patients with a history of previous adjuvant or 
neoadjuvant chemotherapy as a treatment course 
of curative surgical resection were eligible.

The definition of PTCT includes surgical resec-
tion or radiotherapy of the primary tumor. 
Resection of the primary tumor using any method 
was regarded as surgical resection, as long as the 
resection margins were recognized as R0 by 
pathologists. Radiotherapy methods included ste-
reotactic ablative radiotherapy (SABR) or con-
ventional radiotherapy. SABR was performed for 
4–10 consecutive days, with each fractionated 
dose ranging from 6 to 12 Gy. For conventional 
radiotherapy, the treatment dose should be 50–
70 Gy given in 25–35 fractions. Palliative radio-
therapy or surgical resection of metastatic sites 
was allowed in both groups of patients.

Data records and survival endpoints
Clinical data for analysis included patients’ age, 
sex, smoking status, ECOG PS, tumor stage, 
EGFR mutation subtypes, number of metastases, 
pattern of disease progression, and survival sta-
tus. Patients with less than or equal to five meta-
static lesions were classified as oligometastatic, 
while patients with more than five metastatic 
lesions were classified as non-oligometastatic. 
Lung cancer staging was determined according to 
the 8th edition of the American Joint Committee 
on Cancer (AJCC) staging system.20 
Unidimensional measurements as defined by 
Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1 were used in this study.21 
Regarding adverse events, we focused on radia-
tion pneumonitis and surgical complications in 
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the PTCT group. This study was approved by the 
Institutional Review Board of Chung Shan 
Medical University Hospital, Taichung Veterans 
General Hospital, National Taiwan University 
Hospital, and National Taiwan University Cancer 
Center (IRB No. CS1-20105 and CF20175). 
Written informed consent to access clinical data 
records was obtained from all patients.

Statistical methods
In this cohort, patients were classified into PTCT 
group (treatment group) and non-PTCT group 
(control group). Propensity score matching was 
used to generate a matched treatment-control 
comparison. Data are presented as frequencies 
(percentages) for categorical variables and medi-
ans [interquartile range (IQR)] for continuous 
variables. To determine the differences between 
groups, the chi-square test or Fisher’s exact test 
was applied for categorical variables, and the 
Mann–Whitney U test was applied for continuous 
variables. PFS was measured as the time from osi-
mertinib treatment to disease progression or death. 
Overall survival (OS) was measured as the time 
from osimertinib treatment to death from any 

cause. Patients were censored if they were alive at 
the time of analysis during the last follow-up. The 
Kaplan–Meier method was used to estimate the 
survival time. Differences in survival time were 
analyzed using the log-rank test. Univariate and 
multivariate analyses of survival outcomes and 
subgroup analysis of survival were performed with 
a Cox proportional hazards model. Two-tailed 
tests with p values <0.05 were considered statisti-
cally significant. All analyses were performed using 
the IBM SPSS Statistics package, version 23 (IBM 
Corporation, Armonk, NY, USA).

Results

Patients and their demographic data
In all, 131 patients with advanced stage III or 
stage IV LAD were enrolled at the initial screen-
ing. After removing patients who did not meet the 
inclusion and exclusion criteria, 107 patients 
were included for propensity-score matching. 
Finally, 106 patients treated with first-line osi-
mertinib were included. Figure 1 shows the 
patient enrollment flow chart. The demographics 
of the patients are summarized in Table 1. The 

Figure 1. Flow chart of patient enrollment.
ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; LAD, lung 
adenocarcinoma; PSM, propensity score matching; PTCT, primary tumor consolidative therapy.
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Table 1. Demographic data.

Characteristics All No PTCT PTCT p Valuea

(n = 106) (n = 53) (n = 53)

Age, median (IQR) 61.0 (55.0–72.1) 63.0 (55.4–74.5) 63.0 (56.2–74.5) 0.249

Sex

 Male 44 (41.5%) 21 (39.6%) 23 (43.4%) 0.693

 Female 62 (58.5%) 32 (60.4%) 30 (56.6%)

Smoking

 Never-smoker 78 (73.6%) 41 (77.4%) 37 (69.8%) 0.378

 Smoker 28 (26.4%) 12 (22.6%) 16 (30.2%)

ECOG PS

 0 33 (31.1%) 15 (28.3%) 18 (34.0%) 0.529

 1–2 73 (68.9%) 38 (71.7%) 35 (66.0%)

EGFR mutation

 19Del 72 (67.9%) 39 (73.6%) 33 (62.3%) 0.212

 L858R 34 (32.1%) 14 (26.4%) 20 (37.7%)

PD-L1 expression

 ⩾50% 6 (5.7%) 4 (7.5%) 2 (3.8%) 0.590

 1–49% 36 (34.0%) 15 (28.3%) 21 (39.6%)

 <1% 32 (30.2%) 17 (32.1%) 15 (28.3%)

 Unknown 32 (30.2%) 17 (32.1%) 15 (28.3%)

Staging

 IIIB 1 (0.9%) 1 (1.9%) 0 (0%) 0.031

 IVA 55 (51.9%) 21 (39.6%) 34 (64.2%)

 IVB 50 (47.2%) 31 (58.5%) 19 (35.8%)

Metastatic organs

 Brain 35 (33.0%) 20 (37.7%) 15 (28.3%) 0.302

 Lung 48 (45.3%) 25 (47.2%) 23 (43.4%) 0.696

 Bone 45 (42.5%) 27 (50.9%) 18 (34.0%) 0.077

 Liver 10 (9.4%) 7 (13.2%) 3 (5.7%) 0.184

Metastatic lesions

 ⩽5 43 (40.6%) 19 (35.8%) 24 (45.3%) 0.323

 >5 63 (59.4%) 34 (64.2%) 29 (54.7%)

(Continued)
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median age of the patients was 61 years. Of them, 
44 (41.5%) were male, and 78 (73.6%) were 
never-smokers. In all, 72 patients (67.9%) had 
EGFR exon 19 deletion (19del), and 34 (32.1%) 
had the L858R mutation. Among the patients, 
543 (50.0%) underwent PTCT, 27 patients 
underwent primary tumor resection, and 26 
received primary tumor radiotherapy. Patients 
with PTCT were more likely to have stage IVA 
disease and stable disease than patients without 
PTCT.

The survival outcomes and disease progression 
pattern between patients with and without PTCT
The median PFS of the 106 patients was 26.2 
[95% confidence interval (CI), 19.7–32.6] 
months, and the median OS was 44.0 (95% CI, 
36.7–51.4) months (Table 2). The median dura-
tion of follow-up was 25.1 (IQR, 20.1–33.5) 
months. Patients who underwent PTCT demon-
strated significantly better PFS [30.3 (95% CI, 
24.1–36.4) versus 18.2 (95% CI, 16.1–20.2) 
months; p = 0.005; hazard ratio (HR), 0.48; 95% 
CI, 0.29–0.81] and OS [not reached versus 36.7 
(95% CI, 32.5–40.9) months; p = 0.005; HR, 
0.28; 95% CI, 0.11–0.69] than patients who did 
not undergo PTCT (Figure 2). Among patients 
who underwent PTCT, those who received pri-
mary tumor radiotherapy and those who under-
went primary tumor resection had better PFS and 
OS than patients treated with osimertinib alone.

A total of 60 patients (56.6%) experienced dis-
ease progression (PD); among them, 26 patients 
were in the PTCT group and 34 patients were in 
the non-PTCT group (Table 2). Although the 
rate of PD was similar between patients with and 
without PTCT (49.1% versus 64.2%; p = 0.117), 
the rate of primary tumor progression was lower 
in patients who underwent PTCT than in those 
who did not (3.8% versus 47.1%; p < 0.001).

Influences of clinical factors on the outcomes 
and subgroup analysis
The results of the univariate and multivariate sur-
vival analyses are presented in Table 3. For PFS, 
the univariate analysis revealed that male sex, stage 
IVB, L858R mutation, and no PTCT were associ-
ated with a worse prognosis. The multivariate 
analysis revealed that male sex, stage IVB, L858R 
mutation, and no PTCT were independently asso-
ciated with worse PFS. For OS, the univariate 
analysis demonstrated that those without brain 
metastasis and PTCT were associated with a bet-
ter outcome. The multivariate analysis showed 
that age <65 years, exon 19 deletion, and PTCT 
were independently associated with better OS.

The PFS benefits of PTCT were consistent across 
the subgroups (Figure 3). Although the HR 
appeared to be lower in certain subgroups, the 
confidence intervals overlapped. Subgroup analy-
sis was performed for age (⩾65 versus <65 years; 

Characteristics All No PTCT PTCT p Valuea

(n = 106) (n = 53) (n = 53)

Methods of PTCT

 Primary tumor resection 27 (50.9%)  

 Primary tumor radiotherapy 26 (49.1%)  

Response to osimertinib

 Complete response 1 (0.9%) 1 (1.9%) 0 (0%) <0.001

 Partial response 85 (80.2) 50 (94.3%) 35 (66.0%)

 Stable disease 20 (18.9%) 2 (3.8%) 18 (34.0%)

Categorical data are presented as numbers (%).
ap Value: Mann–Whitney U test or chi-square test.
ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, Epidermal growth factor receptor; PD-L1, 
programmed death-ligand 1; PTCT, primary tumor consolidative therapy.

Table 1. (Continued)
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HR, 0.81 versus 0.28), sex (male versus female; 
HR, 0.23 versus 0.71), smoking behavior (smoker 
versus never-smoker; HR, 0.16 versus 0.64), stage 
(IVA versus IVB; HR, 0.88 versus 0.38), EGFR 
mutation subtypes (19del versus L858R; HR, 
0.41 versus 0.38), PD-L1 expression (⩾1 versus 
<1%; HR, 0.30 versus 0.52), oligometastasis (no 
versus yes; HR, 0.38 versus 0.64), and brain 
metastasis (no versus yes; HR, 0.64 versus 0.27). 
Among patients with stage IVB disease, the 
median PFS was 30.3 (95% CI, 20.4–40.2) 
months for patients who underwent PTCT and 
15.6 (95% CI, 11.4–19.9) months for those who 
did not undergo PTCT (p = 0.009) (Supplemental 
Figure A.1). Among patients with the L858R 
mutation, the median PFS was 23.0 (95% CI, 
14.7–31.3) months for those who underwent 
PTCT and 10.5 (95% CI, 8.5–12.6) months for 
those did not (p = 0.009). Among patients with 
PD-L1 expression ⩾1%, the median PFS was 
30.3 (95% CI, 21.8–38.7) months for those who 
underwent PTCT and 13.7 (95% CI, 8.3–19.2) 
months for those who did not (p = 0.003). Among 
patients with non-oligometastatic, the median 
PFS was 31.2 (95% CI, 21.9–40.4) months for 
those who underwent PTCT and 17.3 (95% CI, 
14.7–19.9) months for those who did not 
(p = 0.006). Among patients with brain metasta-
sis, the median PFS was 31.2 (95% CI, 

22.6–39.7) months for those who underwent 
PTCT and 11.0 (95% CI, 9.9–12.0) months for 
those who did not (p = 0.003).

Adverse events related to PTCT
During the follow-up period, 11 patients in the 
radiotherapy group experienced clinically signifi-
cant pneumonitis (Table 4). Among these 
patients, grade 1 and 2 pneumonitis occurred in 8 
(30.8%) and 3 (11.5%) patients, respectively. No 
significant difference was observed in the rate of 
pneumonitis between those who received conven-
tional radiotherapy and those who received 
SABR. Among patients who underwent surgery, 
four surgical complications occurred, including 2 
(7.4%) subcutaneous emphysema, 1 (3.7%) pul-
monary artery injury, and 1 (3.7%) chylothorax. 
No fatal events related to PTCT occurred.

Discussion
In this study, we demonstrated that PTCT pro-
longed both PFS and OS in advanced-stage 
EGFR-mutant LAD patients who achieved dis-
ease control with first-line osimertinib. The sur-
vival benefits appear to be more significant in 
certain subgroups, including patients aged 
<65 years, males, smokers, and those with the 

Table 2. Patient outcomes.

Outcomes Total No PTCT PTCT p Valuea

Survival time

Median (95% CI)

 PFS, months 26.2 (19.7–32.6) 18.2 (16.1–20.2) 30.3 (24.1–36.4) 0.005

 OS, months 44.0 (36.7–51.4) 36.7 (32.5–40.9) NR (NC–NC) 0.005

Progression pattern

Number (%)

 Patients with PD 60 (56.6%) 34 (64.2%) 26 (49.1%) 0.117

 Primary tumor 17 (28.3%) 16 (47.1%) 1 (3.8%) <0.001

 Brain 11 (18.3%) 6 (17.6%) 5 (19.2%) 0.567

 Liver 8 (13.3%) 6 (17.6%) 2 (7.7%) 0.233

 Bone 18 (30.0%) 10 (29.4%) 8 (30.8%) 0.566

ap Value: By Log-rank test for survival time; by Fisher’s exact test for progression pattern.
CI, confidence interval; NC, could not be calculated; NR, not reached; OS, overall survival; PD, disease progression; PFS, 
progression-free survival; PTCT, primary tumor consolidative therapy.
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Figure 2. Progression-free survival (a and c) and overall survival (b and d) were compared by the Kaplan–
Meier methods between patients who underwent PTCT or not. Patients who underwent PTCT (either primary 
tumor radiotherapy or resection) demonstrated significantly better PFS and OS than patients who did not.
CI, confidence interval; NC, could not be calculated; NR, not reached; OS, overall survival; PFS, progression-free survival; 
PTCT, primary tumor consolidative therapy.

Table 3. Univariate and multivariate analyses of the influence of clinical factors on survival.

PFS Univariate Multivariate

Factors HR (95% CI) p Valuea HR (95% CI) p Valuea

Age

 ⩾65 versus <65 years 1.30 (0.78–2.17) 0.313 1.00 (0.45–2.24) 0.997

Sex

 Male versus Female 1.76 (1.06–2.93) 0.029 4.31 (1.46–12.68) 0.008

Smoking

 Smoker versus Never-smoker 1.30 (0.76–2.23) 0.339 0.39 (0.14–1.21) 0.081

ECOG PS

 0 versus 1–2 1.22 (0.70–2.14) 0.485 1.05 (0.44–2.49) 0.910

(Continued)
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PFS Univariate Multivariate

Factors HR (95% CI) p Valuea HR (95% CI) p Valuea

Stage

 IVA versus IVB 0.43 (0.25–0.72) 0.001 0.27 (0.12–0.63) 0.003

EGFR mutation

 19del versus L858R 0.45 (0.27–0.75) 0.002 0.24 (0.10–0.56) 0.001

PD-L1

 ⩾1% versus <1% 1.08 (0.58–2.00) 0.811 1.64 (0.82–3.28) 0.163

Oligometastasis

 No versus Yes 1.29 (0.76–2.18) 0.345 1.41 (0.63–3.18) 0.402

Brain metastasis

 No versus Yes 0.60 (0.36–1.01) 0.054 2.54 (0.99–6.46) 0.051

PTCT

 Yes versus No 0.48 (0.29–0.81) 0.006 0.22 (0.10–0.49) <0.001

OS Univariate Multivariate

Factors HR (95% CI) p Valuea HR (95% CI) p Valuea

Age

 ⩾65 versus <65 years 2.05 (0.86–4.90) 0.104 13.52 (2.18–83.99) 0.005

Sex

 Male versus Female 1.54 (0.67–3.53) 0.311 2.11 (0.31–14.54) 0.448

Smoking

 Smoker versus Never-smoker 0.96 (0.38–2.44) 0.928 0.05 (<0.01–1.84) 0.103

ECOG PS

 0 versus 1–2 0.56 (0.19–1.66) 0.299 0.32 (0.06–1.88) 0.208

Stage

 IVA versus IVB 0.53 (0.23–1.24) 0.140 2.41 (0.19–30.96) 0.499

EGFR mutation

 19del versus L858R 0.64 (0.27–1.51) 0.310 0.10 (0.01–0.67) 0.018

PD-L1

 ⩾1% versus <1% 0.94 (0.30–2.93) 0.909 1.35 (0.28–6.55) 0.708

Oligometastasis

 No versus Yes 1.25 (0.53–2.96) 0.607 3.55 (0.65–19.36) 0.143

Brain metastasis

 No versus Yes 0.42 (0.18–0.96) 0.040 0.16 (0.01–2.06) 0.162

PTCT

 Yes versus No 0.29 (0.12–0.72) 0.007 0.10 (0.01–0.82) 0.032

ap Value: By Cox proportional-hazards model.
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, Epidermal growth factor receptor; HR, 
hazard ratio; OS, overall survival; PD-L1, programmed death-ligand 1; PFS, progression-free survival; PTCT, primary tumor consolidative 
therapy.

Table 3. (Continued)
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L858R mutation, PD-L1 expression ⩾1%, non-
oligometastasis, and brain metastasis.

The addition of local consolidative local therapy 
(LCT) to systemic therapy in patients with oligo-
metastatic NSCLC has been demonstrated to 
improve survival outcomes.14,22 For patients receiv-
ing EGFR-TKI or chemotherapy, patients treated 
with LCT had better PFS than those not treated 
with LCT.14–16,23 These studies shared some char-
acteristics. First, patients with more than five meta-
static lesions, multiple brain metastases, or pleural/
pericardial effusion were ineligible. Second, radia-
tion therapy or surgical resection was performed on 
all metastatic sites. Although LCT was feasible for 
those patients, this therapy carried risks for multi-
ple-site radiotherapy. Grade 3–4 radiation pneu-
monitis and grade 5 treatment-related events have 
also been reported in previous studies.16,24

Recently, radiotherapy or resection of the primary 
lung tumor in combination with systemic treat-
ment has been demonstrated to confer survival 

benefits in patients with metastatic 
NSCLC.17,19,25,26 Ohtaki et al. demonstrated that 
salvage surgery was safe and may prolong the OS 
of patients receiving first-line EGFR-TKI treat-
ments (33 patients) or ALK-TKI (3 patients).25 
In their retrospective study, the 3-year OS and 
recurrence-free survival rates were 75.1% (95% 
CI, 55.9–86.9%) and 22.2% (95% CI, 8.6–
39.7%), respectively. In the analysis by Tseng 
et al., 76 of 466 patients with metastatic NSCLC 
treated with first-line EGFR-TKIs underwent 
primary tumor resection (PTR).26 Patients who 
underwent PTR were shown to have significantly 
longer PFS (25.1 versus 9.4 months; p < 0.001) 
and OS (56.8 versus 31.8 months; p = 0.004) than 
patients who did not. Another study by Kuo et al. 
also revealed significant survival benefits of add-
ing PTR to first-line EGFR-TKI treatments in 
patients with stage IV EGFR-mutant NSCLC 
(PFS, 26.9 versus 13.0 months; p < 0.001).17 In 
the study by Hsu et al., primary lung tumor radio-
therapy, rather than PTR, was performed follow-
ing first-line EGFR-TKI treatment.19 Patients 

Figure 3. Forest plot of subgroup analysis of progression-free survival. A hazard ratio of less than 1.00 
indicates a lower risk of disease progression or death for patients with PTCT than without PTCT.
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, Epidermal growth factor 
receptor; PD-L1, programmed death-ligand 1; PTCT, primary tumor consolidative therapy.
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who received radiotherapy had significantly 
longer PFS (27.5 versus 10.9 months; p < 0.001) 
and OS (NR versus 38.0 months; p < 0.001) than 
patients who did not receive radiotherapy. None 
of the above studies used osimertinib as a first-
line treatment.

Primary tumor treatment may improve the effect 
of systemic therapy by reducing tumor burden 
and the potential of tumor spreading.18,27 The 
resistant subclones have been demonstrated to 
exist in patients treated with EGFR-TKI before 
disease progression.28 According to the analysis 
by Al-Halabi et  al., most EGFR-TKI failures 
were initially from the primary tumor.29 In the 
study by Hsu et al., patients who did not receive 
primary tumor radiation showed a significantly 
higher rate of primary tumor progression (55.4% 
versus 25.0%; p = 0.011) than patients who 
received radiation therapy. In the present study, 
the rates of primary tumor progression were sig-
nificantly higher in patients who did not undergo 
PTCT than in patients who underwent PTCT 
(47.1 versus 3.8%; p < 0.001). Thus, the addition 
of PTCT to systemic therapy, either surgery or 
radiotherapy, is a reasonable approach to achieve 

better primary tumor control and improve the 
efficacy of systemic therapy.

Among patients with EGFR-mutant metastatic 
NSCLC, clinical characteristics, including male 
sex, smoking status, stage IVB disease, non-oligo-
metastasis, and brain metastasis, have been asso-
ciated with poor prognosis.30–32 Regarding the 
molecular aspects, patients with the L858R muta-
tion or high PD-L1 expression have been shown 
to have a worse response to treatment and worse 
survival.33–37 In the studies of first- and second-
generation EGFR-TKI monotherapy, patients 
with the L858R mutation had inferior PFS than 
those with 19del.33 Although osimertinib resulted 
in a better PFS and OS than first-generation 
EGFR-TKIs, a trend of lower efficacy was 
observed for patients with L858R than for those 
with 19del (HR, 1.00 versus 0.68).6 On the con-
trary, the combination of chemotherapy or 
antiangiogenetic agents with first-generation 
EGFR-TKIs has been shown to result in superior 
PFS benefits in patients with L858R compared 
with those with 19del.33 However, in the 
WJOG9717L study, the combination of osimerti-
nib and bevacizumab failed to demonstrate 

Table 4. Modalities and adverse events of primary tumor consolidative therapy, number (%).

Radiotherapy

Modality of radiotherapy Total Conventional SABR p Valuea

n = 26 n = 16 n = 10

Radiation pneumonitis

 Grade 1 8 (30.8%) 6 (37.5%) 2 (20.0%) 0.585

 Grade 2 3 (11.5%) 2 (12.5%) 1 (10.0%)  

 Grade 3–4 0 (0)  

Death 0 (0)  

Surgery (n = 27)

Surgical complication

 Subcutaneous emphysema 2 (7.4%)

 Injury to pulmonary artery 1 (3.7%)

 Chylothorax 1 (3.7%)

Death 0 (0)

Radiotherapy methods included stereotactic ablative radiotherapy (SABR) or conventional radiotherapy.
ap Value: By Fisher’s exact test.
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survival benefits; moreover, for patients with 
L858R, those treated with combination therapy 
tended to have inferior PFS than those treated 
with osimertinib monotherapy.12 The variety in 
treatment response may be explained by the dis-
tinct cellular behaviors and tumor microenviron-
ments. NSCLC cell lines carrying L858R and 
19del have been reported to have different EGFR 
phosphorylation and downstream signaling path-
ways.38,39 By contrast, high expression of PD-L1 
in patients with EGFR-mutant NSCLC has been 
associated with more unstable genomic altera-
tions and higher potential for TKI resistance.40,41 
In addition, lung tumors with EGFR mutations 
have been reported to have weak immunogenic-
ity.42 Therefore, PTCT may help restore immu-
nity, decrease tumor stem cell subclones, and 
reduce tumor heterogeneity, subsequently 
improving systemic control by EGFR-
TKI.19,26,43–45 In the current study, the addition of 
PTCT to osimertinib was more beneficial in cer-
tain subgroups, including patients aged <65 years, 
males, smokers, stage IVB disease, and patients 
with L858R, PD-L1 expression ⩾1%, non-oligo-
metastasis, and brain metastasis. On the contrary, 
the survival benefits were less significant in 
patients aged ⩾65 years, which may be due to the 
higher risks associated with surgery or radiother-
apy in elderly individuals. Our results suggest that 
PTCT improves the efficacy of osimertinib treat-
ment and that the benefits were more significant 
in patients with a higher risk of drug resistance.

Recently, a retrospective study by Zeng et al. com-
pared the efficacy of adding LCT after treatment 
of first- or second-line osimertinib in patients with 
oligo-residual NSCLC.46 In their study, 14 of 108 
patients were classified as the LCT group and 
received surgery, radiotherapy, or radiosurgery to 
the primary tumor or metastatic sites. Their study 
demonstrated a superior PFS (NR versus 12.8 
months, p = 0.001) and less primary tumor (12.5% 
versus 33.0%) and CNS (21.6% versus 50.0%) 
failure after the addition of LCT to osimertinib. 
Our study was different in that only patients 
treated with first-line osimertinib were analyzed. 
In addition, patients with oligometastasis or non-
oligometastasis were included. We focused on the 
effect of consolidative therapy on primary tumors 
rather than on metastatic sites.

This study has several limitations. First, since this 
is a retrospective study, selection bias was inevi-
table. More patients in the PTCT group were 

diagnosed with stage IVA disease and had stable 
disease after osimertinib treatment. These find-
ings may be because some of the patients in the 
PTCT group had pleural metastases when they 
underwent PTRs. Although selection bias cannot 
be excluded, PTCT demonstrated significant 
survival benefits in the analysis of patients with 
stage IVB disease. Therefore, the results suggest 
that PTR or radiotherapy may contribute to the 
superior outcomes of patients who undergo 
PTCT. Second, the sample size was not large 
enough, and some of the comparisons between 
the subgroups were not statistically significant. 
Third, the follow-up period may not be long 
enough, and OS outcomes were not mature when 
analyzing subgroups (Supplemental Figure A.2). 
The ongoing phase II trial, NORTHSTAR 
(NCT03410043) is comparing the efficacy of the 
addition of radiotherapy or surgery to osimertinib 
in the treatment of patients with stage IIIB or IV 
EGFR-mutant NSCLC.47 We anticipate the 
study results, which may help to clarify the bene-
fits of combination therapy with PTCT and 
osimertinib.

Conclusion
Of the patients with advanced EGFR-mutant 
LAD, those who underwent PTCT had signifi-
cantly longer PFS and OS than those who did 
not. The PFS benefits were more significant in 
patients aged <65 years, males, smokers, patients 
with stage IVB disease, and in those with the 
L858R mutation, PD-L1 expression ⩾1%, non-
oligometastatic disease, or brain metastasis. 
However, more prospective studies are needed to 
validate these findings.
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