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Background: Whether radiotherapy only for primary lung tumor (RTPLT) after epidermal
growth factor receptor (EGFR)-tyrosine kinase inhibitor (TKI) therapy improves survival of
treatment naive advanced EGFR-mutant lung adenocarcinoma (LAD) patients with/without
polymetastasis.

Materials and Methods: This was a retrospective, single-center, observational study.
Patients with stage IIIB-IV EGFR-mutant LAD with disease control by EGFR-TKI therapy
were divided into curative RTPLT, and control, without radiotherapy (WRTPLT) groups.
Results: A total of 138 patients were enrolled; 46 in the RTPLT group and 92 in the
WRTPLT group. Amongst them, 37% had oligometastasis, and 26.1% brain metastasis.
The RTPLT group had both significantly longer progression-free survival (PFS) (27.5 months
[95% CI 18.1-36.9] vs 10.9 months [95% CI 6.3—15.5], P<0.001) and overall survivor (OS)
(NR [95% CI NR-NR] vs 38.0 months [95% CI 31.2-44.8], P<0.001), respectively, when
compared to the WRTPLT group. In multivariate analysis, the adjusted HR of radiotherapy
on PFS was 0.30 (0.19-0.47) and on OS, 0.11 (0.04-0.30). Patients with oligometastasis had
significantly longer PFS than those with polymetastasis with an HR of 0.35 (0.14-0.85),
P=0.02. Patients with either oligometastasis or polymetastasis had significant longer PFS
when undergoing radiotherapy than those without (both P<0.05). An EGFR-TKI to radio-
therapy interval <24 weeks seemed more beneficial (P=0.097). Radiation pneumonitis
comprised 32 (69.6%), 12 (26.1%), and two (4.3%) cases of common terminology criteria
grade I, II, and III, respectively.

Conclusion: Curative RTPLT can prolong survival in patients with LAD following EGFR-
TKI disease control, both involving oligometastasis and polymetastasis. RTPLT within 24
weeks after EGFR-TKI initiation appeared to be more beneficial with tolerable radiation
pneumonitis.

Keywords: radiotherapy to primary lung tumor, RTPLT, EGFR-TKI, lung adenocarcinoma,
oligometastasis, polymetastasis

Introduction

Lung cancer is the leading cause of cancer-related mortality worldwide.' In patients with
non-small cell lung cancer (NSCLC), particularly lung adenocarcinoma, activating
epidermal growth factor receptor (EGFR) mutation could be found in approximately
10% of Caucasian, and more than 50% of Asian patients.”* In patients with
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EGFR-mutant NSCLC, EGFR-tyrosine kinase inhibitor (TKI)
had been considered as the first-line of treatment due to its
better response rates and less adverse effects than platinum-
based chemotherapy, with a median progression-free survival
(PFS) of 9.2 to 13.1 months.>® A recent study however has
revealed that the third-generation EGFR-TKI, osimertinib,
offers longer PFS than first-generation EGFR-TKI."°

Nearly all patients with EGFR-mutated NSCLC eventually
develop resistance after their initial response to EGFR-TKIs.
Various strategies, which involve combining EGFR-TKI with

anti-angiogenesis agents,'""'> 13,14

15,16

cytotoxic chemotherapy,
immunotherapy,'>'® or radiotherapy,'” have all been attempted
to decrease the emergence of resistance. In preclinical studies,
EGFR-TKI could increase radiosensitivity, while radiotherapy
could reduce EGFR-TKI resistance.'®'? A previous study has
shown that EGFR-TKIs plus local therapy, including radio-
therapy, offered prolonged survival benefits compared to
EGFR-TKIs alone in patients experiencing EGFR-mutant
NSCLC with synchronous oligometastatic disease.'” This indi-
cates that the addition of local therapy would be valuable even
in patients with advanced EGFR-mutant lung cancer.
Additionally, it may be beneficial to use local radiotherapy at
oligometastatic sites to prolong the duration of EGFR-TKI
treatment; however, this may cause adverse effects in patients
with polymetastatic lesions in whom more sites should be
irradiated. From observational studies, in approximately one-
third to one-half of EGFR-mutant patients, the initial progres-
sion of TKI-treated cancers occurred predominantly in the
original disease sites.’>' In a retrospective study from the
Surveillance, Epidemiology, and End Results (SEER) data-
base, primary tumor resection was associated with improved
survival in patients with extrathoracic metastatic NSCLC.*
Here, we aimed to investigate whether radiotherapy at
a curative dose only to primary lung tumor can improve
survival in treatment naive patients with EGFR-mutant
lung adenocarcinoma following EGFR-TKI disease con-
trol for either oligometastasis or polymetastasis, while also
delaying or  preventing subsequent  metastasis.
Furthermore, we tried to understand which patients may
benefit from local radiotherapy while experiencing toler-

able side effects such as radiation pneumonitis.

Materials and Methods

Patients and Methods

This was a single-center, retrospective, observational
study, which was approved by the Institutional Review
Board of Taichung Veterans General Hospital, Taiwan,

and it was also conducted in accordance with the
Declaration of Helsinki. Patients diagnosed with lung ade-
nocarcinoma between 2010 and 2018 were identified.
Those possessing the following criteria were enrolled:
lung adenocarcinoma with sensitizing EGFR mutation,
stage IIIB-IV disease according to the 7th Edition of the
American Joint Committee for Cancer staging system,*
treatment naive to EGFR-TKI, and having disease control
by first- or second-generation EGFR-TKI treatment. The
exclusion criteria were: EGFR mutations with T790M and
exon 20 insertion, multiple primary lung cancers, post-
operative recurrence, undergoing osimertinib treatment,
or having another active malignancy. We also excluded
patients from the radiotherapy group if EGFR-TKI had
been used for more than 14 months (over the expected
median EGFR-TKI efficacy duration) prior the start of
local radiotherapy. We defined oligometastasis as being
up to five lesions. During the selection process to include
subjects for the non-radiotherapy group (control group),
we attempted to match the Eastern Cooperative Oncology
Group (ECOG) performance status, and oligometastasis
with those of the radiotherapy group. Patients were
selected randomly from a database that consisted of
a total of 527 advanced EGFR-mutant NSCLC patients
with a history of EGFR-TKI treatment at Taichung
Veterans General Hospital. The selection process would
end when the patient numbers achieved the preplanned 1:2
fraction. In total, 46 patients were included in the radio-
therapy group; hence, 92 patients without radiotherapy,
who met the matching criteria, were selected as the control
group after the screening of 129 subjects. We evaluated the
treatment response of EGFR-TKIs by the Response
Evaluation Criteria in Solid Tumors (Version 1.1).>* We
enrolled disease control patients with stable disease and
partial response to EGFR-TKI. Tumor response was
assessed through systemic imaging including a contrast-
enhanced chest computed tomography (CT) with coverage
of the whole liver, adrenal glands, and kidneys, as well as
abdominal ultrasonography, bone scan, and contrast-
enhanced magnetic resonance imaging of the brain. The
patients were divided into two groups; with one including
those who underwent either radiotherapy at a curative dose
only for primary lung tumor using stereotactic ablative
radiotherapy (SABR) or conventional radiotherapy after
confirmed disease control by EGFR-TKIs, and the other,
the control group, involving those without radiotherapy for
primary tumor but with disease control through EGFR-
TKIs. The decision for using either SABR or conventional
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radiotherapy depended upon the location and size of the
primary tumor. In our practice, we used the definition of
central lesion for tumors within 2 c¢cm in all directions of
any mediastinal critical structure, including the bronchial
tree, esophagus, heart, brachial plexus, major vessels,
spinal cord, phrenic nerve, and recurrent laryngeal nerve.?

We used conventional radiotherapy for central lesions.
SABR was usually used for non-central tumors sized up to
5 cm, with no limitation on tumor size for patients who
had received conventional radiotherapy. In the SABR
group, gross tumor volume (GTV) was delineated on
axial CT images in the mediastinal setting before the target
volume was expanded to include the spiculated margin in
the lung window setting. Clinical target volume (CTV)
was identical to GTV because the latter encompassed
enough microscopic tumors in the lung window setting.
Internal target volume (ITV) encompasses the entire intra-
fraction motion during a breathing cycle on the tumor
volumes segmented in each of the 10 phases. Planning
target volume (PTV) was determined by adding an iden-
tical 3-5 mm margin to the axial plane and longitudinal
direction of the ITV. Image-guided radiotherapy was used
for daily setup accuracy and real-time tumor mobility and
intrafractional shift after the application of an on-board
imager with KV cone-beam CT. Volumetric modulated arc
therapy involving two coplanar arcs was used in this
group. Treatment dose was prescribed to the PTV margin
such that 85% of the isodose curve of the isocenter dose
volume would cover 95% of the PTV. SABR was per-
formed for 4-10 consecutive days, with each fractionated
dose being 6-12 Gy. Respiratory tumor movement was
assessed using four-dimensional CT (4D CT) in the
SABR group.

The immobilized model and the setup of the conven-
tional radiotherapy patient were the same as SABR
although 4D CT was not routinely performed. Thus, ITV
was not determined by adding an identical 8-10 mm mar-
gin to the axial plane and longitudinal direction of the
CTV to become PTV. Intensity-modulated radiation ther-
apy with 4-7 fixed angles was selected in the coplanar
fields for this group. Treatment dose was 50-70 Gy in
25-35 fractions with the same restriction in coverage
of PTV.

Demographic characteristics and clinical data, includ-
ing age, gender, smoking status, baseline EFGFR mutation
status, type of EGFR-TKIs treatment, PFS of EGFR-TKIs,
and overall survival (OS) were all collected for analysis.

Written informed consent for genetic testing, as well as the
use of clinical data was obtained from all patients.

All tests were performed at the ISO15189-certified
TR6 Pharmacogenomics Lab in the National Center of
Excellence for Clinical Trial and Research of National
EGFR mutations
assessed using matrix-assisted laser desorption ionization-

Taiwan University Hospital. were

time of flight mass spectrometry.>

Statistical Analyses

Regarding the difference in patient characteristics and
demographic data between the radiotherapy and control
(without radiotherapy) groups, we used the Fisher’s exact
test for assessing age, gender, smoking status, metastatic
sites and numbers, baseline EGFR mutation status,
response to EGFR-TKIs, and the type of EGFR-TKI treat-
ment. The association between the use and non-use of
local radiotherapy, as well as the patterns of failure of
EGFR-TKIs was analyzed by the Fisher’s exact test.
Survival curves were estimated using the Kaplan—Meier
method, whereas the between-group differences in PFS
and OS were assessed using a stratified Log rank test.
A Cox proportional hazard model for multivariate analyses
was used to evaluate both PFS and OS. All statistical tests
were performed using SPSS 23.0 (SPSS Inc., Chicago, IL,
USA). Two-tailed tests were used and P values < 0.05
were considered statistically significant.

Results
Patient Characteristics and Demographic

Data

In total, 138 patients were enrolled, 46 in the radiotherapy
group and 92 in the control group. The baseline character-
istics are shown in Table 1. There were no differences
between the two groups regarding oligometastasis status,
ECOG performance status, age, gender, smoking status,
tumor stage, brain metastasis, EGFR mutation subtypes,
EGFR-TKI drugs, or response to EGFR-TKIs. The PFS
and OS of all patients was 15.2 months (95% confidence
interval [CI] 13.2-17.2) and 57.5 months (95% CI 43.5—
71.4), respectively (Table 2). Amongst the 138 patients,
77.5% (107/138) of them had progressed to first-line
EGFR-TKI treatment, with 52.2% (24/46) being in the
radiotherapy and 90.2% (83/92) in the control group (P <
0.001). Median follow-up time for the radiotherapy group
was 35.1 months (95% CI 27.9-42.4) vs the control group
time of 32.9 months (95% CI 27.4-38.3); P = 0.154.
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Table | Patient Characteristics

Characteristics Total Radiotherapy No Radiotherapy P value®
(n=138) (n = 46) (n=92)

Preplanned matched factors

Oligometastasis 1.000
Yes 51 (37.0) 17 (37.0) 34 (37.0)
No 87 (63.0) 29 (63.0) 58 (63.0)

ECOG PS 1.000
01 129 (93.4) 43 (934) 86 (93.4)
2 or more 9 (6.5) 3 (6.5) 6 (6.5)

Baseline characteristics

Age 0.566
<65 years 94 (68.1) 33 (71.7) 6l (66.3)
265 years 44 (31.9) 13 (28.3) 31 (33.7)

Gender 0.574
Female 89 (64.5) 28 (60.9) 6l (66.3)
Male 49 (35.5) 18 (39.1) 31 (33.7)

Smoking status 1.000
Non-smokers 110 (79.7) 37 (80.4) 73 (79.3)
Smokers 28 (20.3) 9 (19.6) 19 (20.7)

Stage 0.440
Unresectable Il 8 (5.8) 4 (8.7) 4 (4.3)
v 130 (94.2) 42 (91.3) 88 (95.7)

Brain metastasis
Yes 36 (26.1) 9 (19.6) 27 (29.3)
No 102 (73.9) 37 (80.4) 65 (70.7) 0.304

EGFR mutation 0.651
19Del 86 (62.3) 30 (65.2) 56 (60.9)
L858R 42 (30.4) 12 (26.1) 30 (32.6)
Others 10 (7.2) 4 (8.7) 6 (6.5)

EGFR-TKI 0.244
Gefitinib/Erlotinib 113 (81.9) 35 (76.1) 78 (84.8)
Afatinib 25 (18.1) 11 (23.9) 14 (15.2)

Response to TKI 0.802
Partial response 117 (84.8) 40 (87.0) 77 (83.7)
Stable disease 21 (15.2) 6 (13.0) 15 (16.3)

Notes: *By Fisher’s exact test. Data are presented as patient number (%).

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.

Amongst those patients experiencing progression,
48.6% (52/107) had progressive disease of primary
tumor, with significantly more patients being in the control
group than in the radiotherapy group (55.4% vs 25.0%,
P =0.011) (Table 2).

As for other recurrence sites, the incidences were simi-
lar for the brain, liver, and bones in both groups (Table 2).

Comeparison of Survival Outcomes

Between Patients with and without

Radiotherapy

Patients who received radiotherapy to primary tumor had
both significantly longer PFS (27.6 months [95% CI 18.-
8-36.5] vs 10.9 months [95% CI 6.3-15.5], P <0.001) and
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Table 2 Progression-Free Survival, Overall Survival, and Disease Progression Pattern Within the Two Groups
Total Radiotherapy No Radiotherapy P value®
Survival time (median [95% CI])
PFS, months 15.2 (13.2-17.2) 27.6 (18.8-36.5) 10.9 (6.3-15.5) < 0.001
0S, months 57.5 (43.5-71.4) NR (NR-NR) 38.0 (31.2-44.8) < 0.001
Progression pattern (Patient No. [%])°
Patients with PD 107 (77.5) 24 (52.2) 83 (90.2) < 0.001
Primary tumor 52 (48.6) 6 (25.0) 46 (55.4) 0.011
Brain 16 (15.0) 5 (20.8) 1 (13.3) 0.347
Liver 8 (7.5) | (4.2) 7 (84) 0.680
Bone 14 (13.1) 2 (8.3) 12 (14.5) 0731

Notes: *By Log rank test for survival time and by Fisher's exact test for progression pattern. A total of 107 patients experienced disease progression to first-

line EGFR-TKI.

Abbreviations: Cl, confidence interval; PFS, progression-free survival; OS, overall survival; PD, disease progression; NR, not reached.

OS (not reached (NR)) ([95% CI NR-NR] vs 38.0 months
[95% CI 31.2-44.8], P < 0.001), respectively, when com-
pared to those who did not (Table 2 and Figure 1).

We conducted multivariate analysis to clarify the prog-
nostic impact of radiotherapy.

The adjusted hazard ratio (HR) of radiotherapy on PFS
was 0.27 (0.17-0.44) and on OS 0.11 (0.04-0.30), both
P < 0.001 (Table 3).

Further analysis on the influence of clinical characteris-
tics and radiotherapy protocol on the outcome of primary
tumor radiotherapy showed that oligometastasis had

significantly longer PFS than non-oligometastasis (polyme-
tastasis) with an HR of 0.35 (0.14-0.87), P = 0.024
(Table 4).

Detailed analyses regarding the impact of primary lung
tumor radiotherapy on PFS after EGFR-TKI treatment in
patients with oligometastatic and polymetastasis diseases
were performed. Patients with both oligometastasis and
polymetastasis experienced significant PFS benefits due
to the addition of local radiotherapy to primary tumor as
compared to those without radiotherapy; for patients with
oligometastasis NR (95% CI: NR-NR) vs 14.3 months
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Figure | Progression-free survival (A) and overall survival (B) in the radiotherapy-treatment group and no radiotherapy treatment group following EGFR-TKI treatment.

Abbreviations: Cl, confidence interval; NR, not reached.
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Table 3 Multivariate Analysis of the Influence of Radiotherapy to
Primary Lung Tumor on the Outcome of EGFR-TKI Treatment

Table 4 Univariate Analysis of the Influence of Clinical
Characteristics and Radiotherapy Protocol on the Outcome of
Primary Tumor Radiotherapy (n = 46)

PFS (HR P value® OS (HR P value®
[95% CI]) [95% CI]) Progression-Free Survival
Unadjusted 0.29 <0.001 0.11 < 0.001 Factor HR (95% CI) P value®
(0.18-0.46) (0.04-0.31)
Age 0.47 0.137
Adjusted® 0.27 <0.001 0.11 < 0.001 265 vs <65 years (0.18-1.27)
(0.17-0.44) (0.04-0.30)
Brain metastasis 1.30 0.584
Notes: *By Cox proportional hazard model. ®Adjusted by age, gender, smoking Yes vs No (0.51-3.30)
status, brain metastasis, EGFR mutation, EGFR-TKI regimens, and response to
EGFR'TI.Q treatment. ) ) ) Oligometastasis 0.35 0.024
Abbreviations: PFS, progression-free survival; HR, hazard ratio; Cl, confidence
interval; OS, overall survival. Yes vs No (0.14-0.87)
ECOG PS 0.52 0.285
0-1 vs 2 or more (0.15-1.74)
(95% CI 4.0-24.6), P < 0.001, HR 0.25 (95% CI 0.11—
0.57), P = 0.001 (Figure 2A); for patients with polymetas- | EGFR mutation .16 0.736
tasis 23.1 months (95% CI 15.1-31.2) vs 9.1 months (95% 9Del vs others (050271
CI7.9-10.2), P <0.001, HR 0.30 (95% CI 0.18-0.53), P < EGFR-TKI 0.62 0.125
0.001 (Figure 2B). Afatinib vs Gefitinib/Erlotinib (0.34-1.14)
An EGFR-TKI to radiotherapy interval of no more than Response to EGFR-TKI 2.20 0.286
24 weeks displayed a better trend of PFS than did a more PR vs SD (0.52-9.38)
than 24-week interval in the Log rank test; NR (95% CI: Radiotherapy method 1.02 0.955
NR-NR) vs 26.4 months (95% CI 20.5-32.4), (P = 0.097) Conventional vs SBRT (0.45-2.35)
(Supplemental Flguré)' ) ) ) TKI-Radiotherapy interval 0.37 0.110
There were no significant differences regarding PFS < vs > 24 weeks (0.11-1.25)

in patients older than 65, those with brain metastasis,
ECOG PS 0-1 vs 2, EGFR mutation subtypes, first-
vs second-generation EGFR-TKI, partial response vs
stable disease, or radiotherapy methods (conventional
vs SABR) (Table 4).

OS data were not evaluated because there were only
four events amongst the 46 patients. Regarding side
effects, cases of radiation pneumonitis in particular
resulted as follows: 32 (69.6%), 12 (26.1%), and 2
(4.3%) cases of common terminology criteria (CTC)
grade I, grade II, and grade III, respectively. Two
patients with CTC grade II and two with grade III
required admission. One patient with grade III radiation
pneumonitis was admitted to the intensive care unit and
expired; however, concurrent influenza B with pneumo-
nia was noted.

Regarding the different radiotherapy methods, the per-
centage of grade II or more pneumonitis was 47.1% in
conventional radiotherapy and 20.7% in SABR, P = 0.097
(OR 3.41 [95% CI 0.92-12.62]; P = 0.066). Additionally,
there was no difference in radiation pneumonitis between
the first- and second-generation of EGFR-TKIs (gefitinib
or erlotinib 31.4% vs afatinib 27.3%; P = 1.000).

Note: *By Cox proportional hazard model.

Abbreviations: HR, hazard ratio; Cl, confidence interval; ECOG PS, Eastern
Cooperative Oncology Group Performance Status; EGFR, epidermal growth factor
receptor; TKI, tyrosine kinase inhibitor; PR, partial response; SD, stable disease;
SBRT, stereotactic body radiation therapy.

Discussion

In this study, we have determined that radiotherapy at
a curative dose to the primary lung cancer site is not
only feasible, but also allows for prolonged survival in
a subset of patients following EGFR-TKI disease control,
irrespective of oligometastasis or polymetastasis. Local
radiotherapy seems to be more beneficial if it is begun
within 24 weeks after EGFR-TKI initiation. The side
effect of radiation pneumonitis is tolerable for most
patients.

Our study differed from other studies in several
aspects. First, local radiotherapy was applied only after
disease control through EGFR-TKIs, and not in patients
with local progression after EGFR-TKI therapy®® or when
concurrent EGFR-TKI and local radiotherapy were per-
formed initially.?” Second, we applied additional local
radiotherapy to only primary and not all oligometastatic
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Figure 2 Impact of primary lung tumor radiotherapy on the outcome of EGFR-TKI treatment in patients with oligometastatic disease (A) and non-oligometastatic disease

(B).

Abbreviations: NR, not reached; Cl, confidence interval; HR, hazard ratio.

tumors.'” Third, the patients included were not limited to
only those with oligometastasis; there were also patients
with polymetastasis who could benefit from the additional
local radiotherapy to the primary tumor site after disease
control by EGFR-TKIs.

Not all patients with EGFR-mutant lung cancer
responded to EGFR-TKIs. The median response time and
time to maximal tumor shrinkage for disease control in
patients were approximately 2 and 4 months,
respectively.”® The timing in combination with radiother-
apy deserves discussion. Local radiotherapy was per-
formed at the primary lung tumor with either SABR or
conventional radiotherapy after confirming disease control
by EGFR-TKIs, approximately 4-6 months after the initial
EGFR-TKI treatment. This could obviate the patients with
rapid progression after the initial control. Does it make
a difference when applying local radiotherapy to only the
primary tumor opposed to primary lung and all metastatic
tumors? As seen in a previous study, consolidative local
ablative therapy (LAT) to primary lung tumor and all
metastatic sites in patients with FGFR-mutant oligometa-
static NSCLC during first-line EGFR-TKI treatment,
offered significantly improved PFS and OS when com-
pared with consolidative LAT to only partial sites or
observation alone.'” The types of consolidative LAT

included either surgery or radiotherapy, or both."” Most

of our patients (63%) had multiple metastases with more
than five lesions, which would cause many adverse effects
if all lesions were radiated.

Regarding the effect of local radiotherapy to only pri-
mary lung tumor, is this approach reasonable particularly
for patients with polymetastatic lung cancer? Resection of
the primary tumor is not usually recommended for stage
IV cancer. However, an increasing number of publications
have revealed that patients may benefit from primary
tumor resection (PTR) in various solid organ cancers,
including stomach, colon, ovary, breast, and kidney.zg*33
Regarding lung cancer, one study from the SEER database
showed that the 1-year survival rate of stage IV NSCLC
was 15.9%,** with another revealing that the 5-year survi-
val rate was less than 10% in stage IV NSCLC.*

However, several studies which examined the effects
of PTR on stage IV lung cancer found 33.1% of patients
experiencing 3-year survival,’® 21.1%,%” 4-year survival
and 26.5% 5-year survival.*® In two retrospective studies
taken from the SEER database, PTR was associated with
an improved survival in patients with extrathoracic meta-
static NSCLC.?*** These results imply that there is
a potential role for PTR in stage IV NSCLC, and may
also infer that local radiotherapy with a curative dose to
the primary lung tumor could have similar effects to those
resulting from primary tumor resection.
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The possible mechanisms explaining why primary
tumor treatment benefits advanced NSCLC patients were
based upon several hypotheses. Primary tumor treatment
could reduce the total tumor burden, leading to a better
effect from systemic therapy.*® Furthermore, the primary
tumor has the potential to spread tumor cells continuously,
which are capable of causing metastases.*’ Moreover,
patients with primary tumors were frequently immunosup-
pressed. In one report, the presence of primary tumor
suppressed both T-cell and antibody responses. After the
removal of the primary tumor, immune-competence was
restored despite the presence of metastatic tumors.** In our
study, we discovered that more patients in the radiotherapy
group were still in disease control, which indirectly proves
that local radiotherapy to the primary tumor after disease
control could subsequently inhibit metastasis in EGFR-
mutant lung adenocarcinoma.

Next, whether adding local radiotherapy after initial
response would make a difference in comparison to cases
of local treatment failure or concurrent treatment can be
argued. There have been few studies performed comparing
the different timings of local treatment before, concurrent
with, and during EGFR-TKI treatment. In the study by Xu
et al, 39 patients who did not receive LAT during first-line
EGFR-TKI therapy experienced inferior PFS and OS
when compared to those had with 25 patients (64.1%)
who had developed disease progression receiving salvage
LAT. This result implies that deferral of LAT may be
associated with inferior survival.'’

In another trial involving concurrent EGFR-TKI and
thoracic radiotherapy as first-line treatment for stage IV
NSCLC harboring EGFR mutations, only 10 patients were
enrolled who experienced a median PFS of 13 months
(95% CI: 4.9-21.1 months).?” In another study, 33 patients
received local radiotherapy during EGFR-TKI treatment,
with the median duration of TKI administration being 14.2
months. The median duration regarding the administration
of EGFR-TKI prior to radiotherapy was 5.4 months
(range: 0.3-47.3 months).* In our study, we found that
there was a tendency for patients to receive more benefits
if local radiotherapy began within 24 weeks after the start
of EGFR-TKI, as compared to those who began after more
than 24 weeks. This could be the synergistic effect, as
EGFR-TKI displays its maximum activity after 4 months
of drug use.”®

There were several limitations in this study. First, this
was a retrospective, single-institution study. Selection
bias and imbalances in baseline characters would be

inevitably present despite our attempt to match them at
every aspect. Herein, we have matched the performance
status and metastatic burden, while also having no sig-
nificant differences in other baseline characteristics
among both groups. Second, not all patients with disease
control through EGFR-TKIs received local radiotherapy
to the primary tumor. In the control group, we excluded
patients with primary resistance to EGFR-TKI and the
PFS within them was in line with expectations. In the
radiotherapy group, the median time to prescribe radio-
therapy was 6.6 months, with the majority of them receiv-
ing radiotherapy within 10 months of EGFR-TKI
treatment. Although selection bias cannot be completely
excluded in this retrospective study, we suggest that local
therapy to primary tumor may account for, at least in part,
the superior outcome of the radiotherapy group. Third, the
sample size was not large enough even when we used the
control cohort to make the effect of local radiotherapy
clearer.

In conclusion, radiotherapy at a curative dose to pri-
mary lung tumors after EGFR-TKI disease control is
a feasible option for treatment naive patients with
advanced EGFR-mutant lung adenocarcinoma in both oli-
gometastatic and polymetastatic cases, with significantly
improved PFS and OS rates when compared with the
control group. There is a trend towards achieving benefit
if radiotherapy begins within 24 weeks after EGFR-TKI
initiation. The side effect of radiation pneumonitis is con-
sidered tolerable for most patients. Future prospective
clinical trials remain necessary in order to further evaluate
these findings.

Disclosure
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