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Introduction

Lung cancer is the leading cause of cancer-related
mortality worldwide.! For patients with non-
small-cell lung cancer INSCLC), 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.?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.57

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 LL858R mutation or exon
19 deletion8!!; however, the combination of osi-
mertinib and bevacizumab failed to demonstrate
these survival benefits.!2 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.1¢-1° 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 L.858R 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 RO 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 (AJCQC) staging  system.20
Unidimensional measurements as defined by
Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 were used in this study.?!
Regarding adverse events, we focused on radia-
tion pneumonitis and surgical complications in
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treated with first-line osimertinib

131 advanced LAD patients with EGFR mutation

24 patients excluded

Intolerable side effect (n=3)

Disease progression (n=7)
Combination with chemotherapy (n=3)

A 4

107 patients for PSM

v

Combination with bevacizumab (n=3)
Another active cancer (n=1)

ECOG PS 3~4 (n=2)

Incomplete clinical data (n=1)

Short follow-up period (n=4)

106 patients for analysis
PTCT (n=53)
No PTCT (n=53)

Figure 1. Flow chart of patient enrollment.

> 1 patient not matched

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.

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
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Table 1. Demographic data.
Characteristics All No PTCT PTCT p Value2
(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
1B 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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Table 1. (Continued)

Characteristics All No PTCT PTCT p Value?
(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 11(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.

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) wersus 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% wversus 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% wversus 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 <65years, 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;
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Table 2. Patient outcomes.
Outcomes Total No PTCT PTCT p Value2
Survival time
Median (95% Cl)
PFS, months 26.2 (19.7-32.6) 18.2 (16.1-20.2) 30.3 (24.1-36.4) 0.005
0S, 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.
Cl, 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.

HR, 0.81 wversus 0.28), sex (male versus female;
HR, 0.23 versus 0.71), smoking behavior (smoker
versus never-smoker; HR, 0.16 wversus 0.64), stage
(IVA versus IVB; HR, 0.88 versus 0.38), EGFR
mutation subtypes (19del wersus L858R; HR,
0.41 versus 0.38), PD-LL1 expression (=1 versus
<1%; HR, 0.30 wersus 0.52), oligometastasis (no
versus yes; HR, 0.38 wversus 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 notundergo PTCT (»p=0.009) (Supplemental
Figure A.1). Among patients with the LL858R
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
<65years, males, smokers, and those with the
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Median PFS Median 0§
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— PTCT 30.3(24.1-36.4) — PTCT NR (NC - NC)
10— - - No PTCT 18.2 (16.1 - 20.2) - - No PTCT 36.7 (32.5-40.9)
’ Y HR = 0.48 (95% Cl, 0.29 — 0.81) 109 TRty HR = 0.28 (95% Cl, 0.11 — 0.69)
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£ -
@ S
$ 06+ 7 2 06
£ N £ 06
£ i 2
2 % , K
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g Pl prer © .
£ oo : 024 No PTCT
P=0.005 No PTOT P =0.005
0.0 T T T T T T T T T T 0.0 T T T T T T T T T T
0 6 12 18 24 30 38 42 48 54 60 0 8 12 18 24 30 38 42 48 54 60
Months since Osimertinib Treatment Months since Osimertinib Treatment
No. at Risk No. at Risk
PTCT 53 53 51 41 22 13 7 2 A 1 0 PTCT 53 53 53 49 33 23 17 11 5 4 1
NoPTCT 53 48 39 26 11 5 2 0 NoPTCT 53 52 50 44 26 10 5 1 0
Median PFS Median OS
(95% ClI) (95% ClI)
(C) months (d) months
""" Primary Tumor Radiotherapy 28.7 (15.0 - 42.4) = Primary Tumor Radiotherapy NR (NC - NC)
— Primary Tumor Resection 31.2(18.3-44.1) — Primary Tumor Resection 47.4 (NC - NC)
-- No PTCT 18.2 (16.1 —20.2) -- NoPTCT 36.7 (32.5-40.9)
0T, . P
B : T
T o5 b
% L S +o 4 Primary Tumor Radiotherapy 08
5 l_l *
K L 06
@ 06 - = = 6
5 WL 1 :
@ 04 T i n 04
q;; NoPTCT ' ™ Primary Tumor Resection g
& 027  p-gor7 et & o2
P=0.016
0.0 T T T T T T T T T 0.0 T T T T T T T T T
[ 6 12 18 24 30 36 42 48 54 60 0 <] 12 18 24 30 36 42 48 54 ®0
No. at Risk No. at Risk
Radiotherapy 26 26 25 22 13 7 6 1 0 Radiotherapy 26 26 26 25 19 13 11 5 3 3 1
Surgery 27 27 26 19 9 6 1 1 1 1 0 Surgery 27 27 27 24 14 10 6 6 2 1 0
No PTCT 53 48 39 26 11 5 2 0 No PTCT 53 52 50 44 26 10 5 1 0

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.

Cl, 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 Value? HR (95% CI) p Value?
Age

=65 versus <65years 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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Table 3. (Continued)

PFS Univariate Multivariate
Factors HR (95% CI) p Value? HR (95% CI) p Value?
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
0S Univariate Multivariate
Factors HR (95% CI) p Value? HR (95% CI) p Value2
Age

=65 versus <65years 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(0.18-0.9¢6) 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.

Cl, 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.
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Subgroups No. of Patients (PTCT vs no PTCT)
Overall 106 (53 vs 53)
Age

265 years 45 (21 vs 24)

< 65 years 61 (32 vs 29)
Sex

Male 44 (23 vs 21)

Female 62 (30 vs 32)
Smoking

Smoker 28 (16 vs 12)

Never-smoker 78 (37 vs 41)
ECOG PS

0 33 (18 vs 15)

1-2 73 (35 vs 38)
Stage

IVA 55 (34 vs 21)

IVB 50 (19 vs 31)
EGFR mutation

19del 72 (33 vs 39)

L858R 34 (20 vs 14)
PD-L1

21% 42 (23 vs 19)

<1% 32 (15 vs 17)
Oligometastasis

No 63 (29 vs 34)

Yes 43 (24 vs 19)
Brain metastasis

No 71 (38 vs 33)

Yes 35 (15 vs 20)
Pleural or Pericardial Effusion

No 67 (35 vs 32)

Yes 39 (18 vs 21)

0

Hazard ratio for disease progression or death (95% CI)

S S— 0.48 (0.29 - 0.81)
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i
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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.

Cl, 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.

L.858R 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.!%22 For patients receiv-
ing EGFR-TKI or chemotherapy, patients treated
with LCT had better PFS than those not treated
with LCT.1416.23 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.!0:24

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 Qhtaki 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).?>
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 9.4months; »p<<0.001)
and OS (56.8 versus 31.8 months; p=0.004) than
patients who did not. Another study by Kuo ez 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 wersus 13.0 months; p<<0.001).17 In
the study by Hsu er al., primary lung tumor radio-
therapy, rather than PTR, was performed follow-
ing first-line EGFR-TKI treatment.!® Patients
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Table 4. Modalities and adverse events of primary tumor consolidative therapy, number (%).
Radiotherapy
Modality of radiotherapy Total Conventional  SABR p Value2
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.

who received radiotherapy had significantly
longer PFS (27.5 versus 10.9 months; p<<0.001)
and OS (NR versus 38.0months; 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.!827 The
resistant subclones have been demonstrated to
exist in patients treated with EGFR-TKI before
disease progression.?8 According to the analysis
by Al-Halabi et al., most EGFR-TKI failures
were initially from the primary tumor.?® In the
study by Hsu er 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.?°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.?3-37 In the studies of first- and second-
generation EGFR-TKI monotherapy, patients
with the 1L858R 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 LL858R than for those
with 19del (HR, 1.00 versus 0.68).° On the con-
trary, the combination of chemotherapy or
antiangiogenetic agents with first-generation
EGFR-TKIs has been shown to result in superior
PFES benefits in patients with L858R compared
with those with 19del.3® However, in the
WJOG9717L study, the combination of osimerti-
nib and bevacizumab failed to demonstrate
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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.!? The variety in
treatment response may be explained by the dis-
tinct cellular behaviors and tumor microenviron-
ments. NSCLC cell lines carrying 1L858R 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.40-4!
In addition, lung tumors with EGFR mutations
have been reported to have weak immunogenic-
ity.#2 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 ez al. com-
pared the efficacy of adding LCT after treatment
of first- or second-line osimertinib in patients with
oligo-residual NSCLC.4% 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 wersus 12.8
months, p=0.001) and less primary tumor (12.5%
versus 33.0%) and CNS (21.6% wversus 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 tria, 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.¥” 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
L.858R mutation, PD-L1 expression =1%, non-
oligometastatic disease, or brain metastasis.
However, more prospective studies are needed to
validate these findings.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional
Review Board of each involved hospital. Written
informed consent to access clinical data records
was obtained from all patients.

Consent for publication
All patients consented to have their study-related
data published.

Author contributions
Jia-Jun Wu: Data curation; Formal analysis;
Visualization; Writing — original draft.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Volume 16

Jeng-Sen Tseng: Data curation; Investigation;
Software; Visualization; Writing — original draft.

Zhe-Rong Zheng: Data curation; Investigation;
Writing — original draft.

Cheng-Hsiang Chu: Data curation; Formal
analysis; Investigation; Writing — original draft.

Kun-Chieh Chen: Formal analysis;
Methodology; Supervision; Validation; Writing —
original draft.

Mong-Wei Lin: Data curation; Investigation;
Writing — original draft.

Yen-Hsiang Huang: Data curation;
Investigation; Software; Visualization; Writing —
original draft.

Kuo-Hsuan Hsu: Data curation; Investigation;
Software; Visualization; Writing — original draft.

Tsung-Ying Yang: Conceptualization; Formal
analysis; Methodology; Supervision; Writing —
review & editing.

Sung-Liang Yu: Formal analysis; Methodology;
Project administration; Resources; Writing —
review & editing.

Jin-Shing Chen: Conceptualization; Formal
analysis; Funding acquisition; Project administra-
tion; Resources; Writing — review & editing.

Chao-Chi Ho: Conceptualization; Methodologys;
Supervision; Writing — review & editing.

Gee-Chen Chang: Conceptualization;
Methodology; Supervision; Validation; Writing —
review & editing.

Acknowledgements

We would like to thank NCFB Pharmacogenomics
Lab TR6 for technical support, and the National
Science and Technology Council for funding
support.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This work was
supported by the National Science and
Technology Council, Taipei, Taiwan (NSTC
111-2327-B-002-005).

Competing interests
The authors declare that there is no conflict of
interest.

Availability of data and materials

The data generated in this study are available
upon reasonable request from the corresponding
author.

ORCID iDs
Jeng-Sen Tseng
0003-2341-4495

Cheng-Hsiang Chu
0002-4495-8785

https://orcid.org/0000-

https://orcid.org/0000-

Kuo-Hsuan Hsu
0002-8187-904X

Gee-Chen Chang
0002-1802-417X

https://orcid.org/0000-

https://orcid.org/0000-

Supplemental material
Supplemental material for this article is available
online.

References
1. Siegel RL, Miller KD and Jemal A. Cancer
statistics, 2020. CA Cancer ¥ Clin 20205 70: 7-30.

2. The Cancer Genome Atlas Research Network.
Comprehensive molecular profiling of lung
adenocarcinoma. Nature 20143 511: 543-550.

3. Maemondo M, Inoue A, Kobayashi K, ez al.
Gefitinib or chemotherapy for non—small-cell
lung cancer with mutated EGFR. N Engl ¥ Med
2010; 362: 2380-2388.

4. Rosell R, Carcereny E, Gervais R, er al. Erlotinib
versus standard chemotherapy as first-line
treatment for European patients with advanced
EGFR mutation-positive non-small-cell lung
cancer (EURTAC): a multicentre, open-label,
randomised phase 3 trial. Lancer Oncol 2012; 13:
239-246.

5. Sequist LV, Yang JC, Yamamoto N, ez a/. Phase
III study of afatinib or cisplatin plus pemetrexed
in patients with metastatic lung adenocarcinoma
with EGFR mutations. ¥ Clin Oncol 2013; 31:
3327-3334.

6. Ramalingam SS, Vansteenkiste J, Planchard
D, et al. Overall survival with osimertinib in
untreated, EGFR-mutated advanced NSCLC. N
Engl ¥ Med 2020; 382: 41-50.

7. Lu S, Dong X, Jian H, ez al. AENEAS: a
randomized phase III trial of aumolertinib versus
gefitinib as first-line therapy for locally advanced
or metastaticnon-small-cell lung cancer with

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0000-0003-2341-4495
https://orcid.org/0000-0003-2341-4495
https://orcid.org/0000-0002-4495-8785
https://orcid.org/0000-0002-4495-8785
https://orcid.org/0000-0002-8187-904X
https://orcid.org/0000-0002-8187-904X
https://orcid.org/0000-0002-1802-417X
https://orcid.org/0000-0002-1802-417X

J-J Wu, J-S Tseng et al.

10.

11.

12.

13.

14.

15.

16.

17.

EGFR exon 19 deletion or L858R mutations. ¥
Chin Oncol 20225 40: 3162-3171.

. Zhou Q, Xu CR, Cheng Y, er al. Bevacizumab

plus erlotinib in Chinese patients with untreated,
EGFR-mutated, advanced NSCLC (ARTEMIS-
CTONG1509): a multicenter phase 3 study.
Cancer Cell 20215 39: 1279-1291.e1273.

Saito H, Fukuhara T, Furuya N, ez al. Erlotinib
plus bevacizumab versus erlotinib alone in patients
with EGFR-positive advanced non-squamous non-
small-cell lung cancer (NEJ026): interim analysis
of an open-label, randomised, multicentre, phase 3
trial. Lancet Oncol 2019; 20: 625-635.

Nakagawa K, Garon EB, Seto T, er al.
Ramucirumab plus erlotinib in patients with
untreated, EGFR-mutated, advanced non-small-
cell lung cancer (RELAY): a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancer
Oncol 2019; 20: 1655-1669.

Hayashi H, Nadal E, Gray JE, ez al. Overall
treatment strategy for patients with metastatic
NSCLC with activating EGFR mutations. Clin
Lung Cancer 2022; 23: e69—82.

Kenmotsu H, Wakuda K, Mori K, et al.
Randomized phase 2 study of osimertinib plus
bevacizumab versus osimertinib for untreated
patients with nonsquamous NSCLC harboring
EGFR mutations: WJOG9717L study. ¥ Thorac
Oncol 20225 17: 1098-1108.

Liu K, Zheng D, Xu G, et al. Local thoracic
therapy improve prognosis for stage IV non-
small cell lung cancer patients combined with
chemotherapy: a Surveillance, Epidemiology, and
End Results database analysis. PLoS One 2017;
12: e0187350.

Gomez DR, Tang C, Zhang ], er al. Local
consolidative therapy versus maintenance therapy
or observation for patients with oligometastatic
non-small-cell lung cancer: long-term results of a
multi-institutional, phase II, randomized study. ¥
Clin Oncol 2019; 37: 1558-1565.

Palma DA, Olson R, Harrow S, er al. Stereotactic
ablative radiotherapy for the comprehensive
treatment of oligometastatic cancers: long-

term results of the SABR-COMET phase II
randomized trial. ¥ Clin Oncol 2020; 38: 2830—
2838.

Wang XS, Bai YF, Verma V, er al. Randomized
trial of first-line tyrosine kinase inhibitor with
or without radiotherapy for synchronous
oligometastatic EGFR-mutated NSCLC. ¥ Natl
Cancer Inst 2022; 115: 742-748.

Kuo S-W, Chen P-H, Lu T-P, et al. Primary
tumor resection for stage IV non-small-cell

18.

19.

20.

24.

25.

26.

217.

28.

lung cancer without progression after first-line
epidermal growth factor receptor-tyrosine kinase
inhibitor treatment: a retrospective case—control
study. Ann Surg Oncol 2022; 29: 4873—-4884.

Khan SA, Stewart AK and Morrow M. Does
aggressive local therapy improve survival in
metastatic breast cancer? Surgery 2002; 132:
620-626; discussion 626-627.

Hsu KH, Huang JW, Tseng JS, et al. Primary
tumor radiotherapy during EGFR-TKI disease
control improves survival of treatment naive
advanced EGFR-mutant lung adenocarcinoma
patients. Onco Targets Ther 20215 14: 2139-2148.

Amin MB, Gress DM, Vega LRM, er al. AFCC
cancer staging manual. 8th ed. New York:
Springer; 2018.

. Eisenhauer EA, Therasse P, Bogaerts ], ez al.

New response evaluation criteria in solid
tumours: revised RECIST guideline (version
1.1). Eur ¥ Cancer 2009; 45: 228-247.

. Zhang S, Sun Q, Cai F, ez al. Local therapy

treatment conditions for oligometastatic non-
small cell lung cancer. Front Oncol 2022; 12:
1028132.

. Iyengar P, Wardak Z, Gerber DE, ez al.

Consolidative radiotherapy for limited metastatic
non-small-cell lung cancer: a phase 2 randomized
clinical trial. ¥AMA Omncol 2018; 4: e173501.

Palma DA, Olson R, Harrow S, er al. Stereotactic
ablative radiotherapy versus standard of

care palliative treatment in patients with
oligometastatic cancers (SABR-COMET): a
randomised, phase 2, open-label trial. Lancer
2019; 393: 2051-2058.

Ohtaki Y, Shimizu K, Suzuki H, ez al. Salvage
surgery for non-small cell lung cancer after
tyrosine kinase inhibitor treatment. Lung Cancer
2021; 153: 108-116.

Tseng JS, Hsu KH, Zheng ZR, et al. Primary
tumor resection is associated with a better
outcome among advanced EGFR-mutant lung
adenocarcinoma patients receiving EGFR-TKI
treatment. Oncology 2021; 99: 32-40.

Griffiths CT, Parker LM, Lee S, ez al. The
effect of residual mass size on response to
chemotherapy after surgical cytoreduction for
advanced ovarian cancer: long-term results. Inz ¥
Gynecol Cancer 2002; 12: 323-331.

Lin MW, Yu SL, Hsu YC, et al. Salvage
surgery for advanced lung adenocarcinoma after
epidermal growth factor receptor tyrosine kinase
inhibitor treatment. Ann Thorac Surg 2023; 116:
111-119.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Volume 16

Visit Sage journals online
journals.sagepub.com/
home/tam

S Sagejournals

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Al-Halabi H, Sayegh K, Digamurthy SR, er al.
Pattern of failure analysis in metastatic EGFR-
mutant lung cancer treated with tyrosine kinase
inhibitors to identify candidates for consolidation
stereotactic body radiation therapy. ¥ Thorac
Oncol 2015; 10: 1601-1607.

Huang YH, Hung JY, Ko HW, ez al. The relative
importance of predictive factors for single first-
generation EGFR-TKI use for more than 5 years
in patients with advanced non-small cell lung
cancer: Taiwan multicenter TIPS-5 study. Ther
Adv Med Oncol 20215 13: 17588359211018022.

Tseng CH, Chiang CJ, Tseng JS, er al. EGFR
mutation, smoking, and gender in advanced lung
adenocarcinoma. Oncotarger 2017; 8: 98384—
98393.

Goldstraw P, Chansky K, Crowley J, ez al. The
TASLC Lung cancer staging project: proposals
for revision of the TNM stage groupings in

the forthcoming (Eighth) Edition of the TNM
classification for lung cancer. ¥ Thorac Oncol
2016; 11: 39-51.

Li WQ and Cui JW. Non-small cell lung
cancer patients with ex19del or exon 21 LL858R
mutation: distinct mechanisms, different
efficacies to treatments. ¥ Cancer Res Clin Oncol
2020; 146: 2329-2338.

Hong W, Wu Q, Zhang ], et al. Prognostic value
of EGFR 19-del and 21-1.858R mutations in
patients with non-small cell lung cancer. Oncol
Lett 2019; 18: 3887-3895.

Hsu KH, Huang YH, Tseng JS, ez al. High
PD-L1 expression correlates with primary
resistance to EGFR-TKIs in treatment naive
advanced EGFR-mutant lung adenocarcinoma
patients. Lung Cancer 2019; 127: 37-43.

Hsu KH, Tseng JS, Yang TY, et al. PD-L1
strong expressions affect the clinical outcomes of
osimertinib in treatment naive advanced EGFR-
mutant non-small cell lung cancer patients. Sci
Rep 2022; 12: 9753.

Shiozawa T, Numata T, Tamura T, er al.
Prognostic implication of PD-L1 expression on
osimertinib treatment for EGFR-mutated non-
small cell lung cancer. Anticancer Res 2022; 42:
2583-2590.

Zhu JQ, Zhong WZ, Zhang GC, et al. Better
survival with EGFR exon 19 than exon 21

39.

40.

41.

42.

43.

44.

45.

46.

47.

mutations in gefitinib-treated non-small cell lung
cancer patients is due to differential inhibition

of downstream signals. Cancer Letr 2008; 265:
307-317.

Okabe T, Okamoto I, Tamura K, et al.
Differential constitutive activation of the
epidermal growth factor receptor in non-small
cell lung cancer cells bearing EGFR gene
mutation and amplification. Cancer Res 2007; 67:
2046-2053.

Yang CY, Liao WY, Ho CC, er al. Association
between programmed death-ligand 1 expression,
immune microenvironments, and clinical
outcomes in epidermal growth factor receptor
mutant lung adenocarcinoma patients treated
with tyrosine kinase inhibitors. Eur ¥ Cancer
2020; 124: 110-122.

Ikeda S, Okamoto T, Okano S, et al. PD-L1 Is
upregulated by simultaneous amplification of the
PD-L1 and JAK2 genes in non-small cell lung
cancer. ¥ Thorac Oncol 20165 11: 62-71.

Dong ZY, Zhang JT, Liu SY, et al. EGFR
mutation correlates with uninflamed phenotype
and weak immunogenicity, causing impaired
response to PD-1 blockade in non-small cell lung
cancer. Oncoimmunology 2017; 6: €1356145.

Danna EA, Sinha P, Gilbert M, ez al. Surgical
removal of primary tumor reverses tumor-
induced immunosuppression despite the presence
of metastatic disease. Cancer Res 2004; 64:
2205-2211.

Baccelli I and Trumpp A. The evolving concept
of cancer and metastasis stem cells. ¥ Cell Biol
2012; 198: 281-293.

Byrne NM, Tambe P and Coulter JA. Radiation
response in the tumour microenvironment:
predictive biomarkers and future perspectives. ¥
Personal Med 2021; 11: 53.

Zeng Y, NiJ, YuF, ez al. The value of local
consolidative therapy in Osimertinib-treated non-
small cell lung cancer with oligo-residual disease.
Radiat Oncol 20205 15: 207.

Khan TM, Verbus EA, Gandhi S, er al.
Osimertinib, surgery, and radiation therapy
in treating patients with stage IIIB or IV non-
small cell lung cancer with EGFR mutations
(NORTHSTAR). Ann Surg Oncol 2022; 29:
4688-4689.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

