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Abstract
Background: Concurrent epidermal growth factor receptor-tyrosine kinase
inhibitors (EGFR-TKI) with radiotherapy in patients with EGFR-mutant
unresectable stage III non-small cell lung cancer (NSCLC) might improve sur-
vival. However, both treatments carry a potential risk of pneumonitis.
Methods: Between May 2012 and December 2017, patients with unresectable
stage III NSCLC treated with concurrent radiotherapy and EGFR-TKI were
enrolled in this retrospective study. The baseline characteristics were evaluated to
determine correlations with toxicity development.
Results: Among 45 eligible patients, 20 (44.4%) had an EGFR mutation and
44 (97.8%) received 50–66 Gy of radiotherapy. The median follow-up was
62.7 months. The median progression free survival (PFS) and overall survival
(OS) for patients with EGFR-mutations were 27.9 (95% CI: 18.7–37.2) and 49.7
(95% CI: 27.7–71.8) months, and 13.8 (95% CI: 8.8–18.9) and 31.1 (95% CI:
9.8–52.4) months for EGFR wild-type/unknown patients. A total of 17 patients
(37.7%) developed radiation pneumonitis/pneumonitis (14 grade 2, 3 grade 3). In
16 patients, pneumonitis occurred within the radiation field and one patient had
bilateral pneumonitis. The median time from the initial radiotherapy to pneumo-
nitis was 74 days. Logistic regression analysis revealed a trend between the time
of EGFR-TKI and the development of G2+ pneumonitis. For late toxicity, only
two patients had G2+ fibrosis. The daily dyspnea symptoms of patients with G2+
pneumonitis recovered significantly after the phase of pneumonitis (P = 0.007).
Conclusions: Combined EGFR-TKI and radiotherapy showed favorable survival
in EGFR-mutant patients with inoperable stage III NSCLC, with a 6.7% incidence
of grade 3 radiation pneumonitis/pneumonitis, despite a higher incidence of
mild-to-moderate radiation pneumonitis.

Key points

Significant findings of the study: We evaluated the outcomes and radiation
pneumonitis after EGFR-TKI during interval radiotherapy. EGFR-TKI plus
radiotherapy increased survival in patients with EGFR-mutant inoperable stage
III NSCLC. The mild-to-moderate radiation pneumonitis incidence increased but
no grade 4–-5 adverse events occurred.
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What this study adds: The combination of EGFR-TKI and radiotherapy might
carry a risk of pneumonitis; however, there are limited data concerning dose con-
straints. Our results showed a slightly higher incidence of mild or moderate radi-
ation pneumonitis by strict dose limitation.

Introduction

Approximately 30% of non-small lung cancer (NSCLC)
patients have locally advanced disease upon initial diagno-
sis. Despite ongoing efforts to improve the survival in this
cohort, concurrent chemoradiotherapy (CRT) remains the
standard care. However, the five-year overall survival
(OS) rate for these patients is only 20%–30%.2,3

Activating mutations of EGFR (encoding the epidermal
growth factor receptor, also known as ERBB1) are associated
with a high response to targeted therapy using EGFR-tyrosine
kinase inhibitors (TKIs), and have drastically changed the
decision-making for patients with advanced NSCLC.4,5 For
unselected patients, adding EGFR-TKIs to radiotherapy
(RT) failed to demonstrate superior survival related to historical
data of CRT.6,7 In patients with EGFR-mutations, a multicenter
phase II trial showed that concurrent erlotinib and radiotherapy
provided a significant improvement in progression free survival
(PFS) compared with CRT.8 However, the lung toxicity of the
combination of RT and EGFR-TKI is a particular concern. A
preliminary study of concurrent thoracic RT and erlotinib
showed that 37.5% of patients had grade 2 or higher of pneu-
monitis after treatment, including 8.3% grade 3 and 12.5% fatal
(grade 5) pneumonitis.9

Therefore, we conducted a retrospective analysis in which
we collected information from patients with unresectable
stage III NSCLC treated with concurrent radiotherapy and
EGFR-TKI, to assess the outcomes, especially focusing on
lung toxicities, for this combined strategy.

Methods

Patient eligibility

We retrospectively reviewed the data of patients with stage III
NSCLC treated with concurrent radiotherapy and EGFR-TKI
from our institution between May 2012 and December 2017.
Eligibility required patients (age > 18 years) to have histologi-
cally and cytologically, or both, confirmed unresectable locally
advanced disease. The patients included were unsuitable for,
or had refused, concurrent chemoradiotherapy. Patients who
received reradiation or surgical treatment were ineligible for
inclusion. Furthermore, patients whose disease was compli-
cated by a second malignancy must have been cured for at
least five years. This study was approved by the ethical review
boards of our institution.

The following information was gathered for analysis:
Patient characteristics (age, sex, the Charlson Comorbidity
Index (CCI), smoking history, Karnofsky performance sta-
tus (KPS), tumor information (stage status, location, histol-
ogy, and type of EGFR mutation), and treatment details
(radiation, EGFR-TKI, and chemotherapy).
Activating EGFR mutations were detected in tissue

biopsy samples using polymerase chain reaction (PCR)
amplification. The EGFR status was assessed in tissue spec-
imens before treatment.

Treatment

All patients underwent intensity-modulated radiation ther-
apy (IMRT) or volumetric intensity-modulated arc therapy
(VMAT).10All patients received integrated boost IMRT
(SIB-IMRT) or conventional IMRT. The gross tumor vol-
ume included the primary disease as well as any involved
regional lymph nodes, which were defined as those with a
short-axis diameter of at least 1 cm on a computed tomog-
raphy (CT) scan or with high fluorodeoxyglucose uptake
on a positron emission tomography (PET)–CT scan. The
clinical tumor volume included the primary tumor plus a
margin of 0.6 to 0.8 cm, with ipsilateral hilum and medias-
tinal nodal stations involved. The mean dose to the lungs
(MLD) was optimally 17 Gy or less; the lung volumes,
minus the gross tumor volume, receiving more than 20 Gy
(V20) and 30 Gy (V30) were limited to less than 30% and
less than 20%, respectively. The esophageal volume receiv-
ing more than 50 Gy was limited to less than 50%
(V50 < 50%) and the maximum dose (Dmax) received less
than 105% of the prescription dose. The heart volume
receiving more than 30 and 40 Gy was limited to less than
40% and less than 30 (V30 < 40%, V40 < 30%), respec-
tively. The spinal cord Dmax was less than 40 Gy (Dmax
< 40 Gy), and the Dmax of cord planning organ at risk
volume (PRV) was less than 45 Gy (Dmax < 45 Gy).
EGFR-TKIs were administered to patients during the

interval of radiotherapy, and those undergoing induction
EGFR-TKI or chemotherapy and concurrent chemotherapy
treatment were also eligible for inclusion. The EGFR-TKIs
administered consisted of gefitinib, icotinib, and erbtinib.
Platinum-based doublet agent regimens were used for con-
current or sequential chemotherapy, including etoposide,
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paclitaxel, pemetrexed, and gemcitabine (only for sequen-
tial CRT).

Evaluation and follow-up

Follow-up evaluation of all patients including symptom
assessment, physical examination, and CT was performed

in the first months after the end of radiotherapy, sequen-
tially every 2–3 months during the first two years, and
every six months thereafter.
The National Cancer Institute Common Toxicity criteria

(NCICTC) version 4.0 was used to assess treatment-related
toxicities including radiation pneumonitis and fibrosis. The
modified Medical Research Council (mMRC) questionnaire

Table 1 Patient and tumor characteristics of the overall cohort

Characteristics Total N = 45 EGFR-mutant N = 20 EGFR-mild/unknown N = 25

Age
Median 63 62 65
Range 42–79 42–79 45–79
≥65 21 (46.7) 8 (40.0) 13 (52.0)
<65 24 (53.3) 12 (60.0) 12 (48.0)

Sex
Female 16 (35.6) 13 (65.0) 3 (12.0)
Male 29 (64.4) 7 (35.0) 22 (88.0)

Sides
Right 25 (55.6) 12 (60) 13 (52.0)
Left 20 (44.4) 8 (40) 12 (48.0)

Location
Upper 29 (64.4) 13 (65.0) 16 (64.0)
Middle/lower 15 (33.3) 7 (35) 8 (32,0)
Main bronchus 1 (2.2) 0 1 (4.0)

KPS
≥80 43 (95.6) 20 (100) 23 (92.0)
<80 2 (4.4) 0 2 (8.0)

Smoking
Yes 26 (57.8) 4 (20.0) 22 (88.0)
No 19 (42.2) 16 (80.0) 3 (12.0)

Loss weight (≥5%)
Yes 8 (17.8) 2 (10.0) 6 (24.0)
No 37 (82.2) 18 (90.0) 19 (76.0)

CCI
0 30 (66.7) 15 (75.0) 15 (60.0)
1 13 (28.9) 4 (20.0) 9 (36.0)
2 2 (4.4) 1 (5.0) 1 (4.0)

PET-CT staging
Yes 24 (53.3) 13 (65.0) 11 (44.0)
No 21 (46.7) 7 (35.0) 14 (56.0)

Stage (seventh)
IIIA 14 (31.1) 6 (30.0) 8 (32.0)
IIIB 31 (68.9) 14 (70.0) 17 (68.0)

EGFR mutation
19DEL 9 (20.0) 9 (45.0) 0
L858R 10 (22.2) 10 (50.0) 0
21L861Q + 18G719X 1 (2.2) 1 (5.0) 0

Histology
Adenocarcinoma 29 (64.4) 20 (100) 9 (36.0)
Squamous 15 (33.3) 0 15 (60.0)
NSCLC 1 (2.2) 0 1 (4.0)

Baseline PFT (N = 40)
FEV1 1.97 (0.8–3.7) 1.96 (0.80–3.62) 1.98 (0.83–3.87)
FVC 2.50 (1.05–4.65) 2.46 (1.2–4.65) 2.50 (1.05–4.29)

CCI, Charlson comorbidity index; FEV1, forced expiratory volume in one second; FVC, forced vital capacity.; KPS, Karnofsky performance status; PFT,
pulmonary function test.
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with grade 0–4 scales (mild to severe symptom) was used
to evaluate the extent of dyspnea symptoms.11,12

PFS was calculated from the time of diagnosis to
death, progression, or most recent follow-up. OS was

defined as the period between diagnosis initiation and
death, or last follow-up if alive. Locoregional failure was
defined as involved lobe and/or regional lymph node
progression.

Table 2 Treatment details of the overall cohort

Characteristics Overall EGFR-mutant EGFR-mild/unknown

Radiotherapy dose (Gy)
Median (range) 60.0 60.0 60.0
Range 34.0–66.0 50.0–66.0 34.0–66.0

GTV volume (mL)
Median (range) 29.18 22.09 80.63
Range 2.57–366.26 2.57–98.16 3.58–366.26

PTV volume (mL)
Median 431.86 370.62 466.93
Range 191.40–846.66 191.40–497.81 204.39–846.66

V5 (%)
Median 55.2 58.3 51.7
Range 35.3–83.0 41.2–83.0 35.3–79.7

V20 (%)
Median 24.3 25.4 23.6
Range 10.2–29.10 18.5–29.1 10.2–28.8

V30 (%)
Median 18.5 19.1 18.2
Range 3.5–22.7 15.7–22.7 3.5–20.4

MLD (Gy)
Median 14.83 15.58 13.88
Range 7.92–18.40 11.86–18.40 7.92–16.61

Induction chemotherapy
Yes 21 (46.7) 7 (35.0) 14 (56.0)
No 24 (53.3) 13 (65.0) 11 (44.0)

Consolidation chemotherapy
Yes 3 (6.7) 1 (5.0) 2 (8.0)
No 42 (93.3) 19 (95.0) 23 (92.0)

The cycle of chemotherapy
≥4 16 (35.6) 4 (20) 12 (48.0)
<4 29 (64.4) 16 (80.0) 13 (52.0)

Technology
IMRT 33 (73.3) 14 (70.0) 19 (76.0)
VMAT 12 (26.7) 6 (30.0) 6 (24.0)

Induction EGFR-TKI
Yes 11 (24.4) 8(40) 2 (8.0)
No 34 (75.6) 12 (60) 23 (92.0)

Consolidation EGFR-TKI
Yes 22 (48.9) 19 (95.0) 22 (88.0)
No 23 (51.1) 1 (5.0) 3 (12.0)

Time of EGFR-TKI concurrent with RT (days)
Median 40 39 40
Range 10.0–51.0 10–47 10–51

Total time of EGFR-TKI (months)
Median 2.1 28.4 1.34
Range 0.3–79.4 1.33–79.4 0.33–49.9

EGFR-TKI
Gefitinib 36 (80.0) 14 (70.0) 22 (88.0)
Icotinib 8 (17.8) 5 (25.0) 3 (12.0)
Erlotinib 1 (2.2) 1 (5.0) 0

GTV, Gross target volume; MLD, mean lung dose; PTV, Planning target volume; V5, V20, V30, The volume of normal lung receiving >5, 20, 30 Gy.
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Statistical analysis

Data were compared via chi-squared and t-tests or non-
parametric Mann–Whitney U tests. The analysis of the
lung toxicity grade included Pearson’s chi-squared test of
independence, as well as logistic regression analysis. PFS,
OS, and follow-up time were assessed using Kaplan–Meier
analysis. All tests were two-sided. P < 0.05 was considered
statistically significant. All analyses were performed using
SPSS 23.0 software (IBM Corp., Armonk, NY, USA).

Results

Patient characteristics

A total of 45 patients with NSCLC were included in this
study. The median age at diagnosis was 63 years (range:
42–79). Among them, 29 (64.4%) were male, and
26 (57.8%) were current or former smokers. A total of
14 (31.1%) patients presented with stage IIIA disease and
31 (68.9%) patients presented with stage IIIB disease. One
patient had high grade neuroendocrine tumors and
29 (64.4%) patients had adenocarcinoma.
In total, 29 (64.4%) patients had undergone EGFR test-

ing before treatment and among them, 20 (44.4%) had
EGFR mutations. All patients with EGFR mutations had
adenocarcinoma. Among these 20 patients, nine (45.0%)
had an exon 19 deletion, 10 (50.0%) had L858R mutation,
and one (5.0%) had a compound 21-L861Q + 18-G719X
mutation. There were 16 (35.6%) patients including three
with adenocarcinomas in which insufficient specimens
were provided and these were not subjected to gene testing.
The patient characteristics are shown in Table 1.

Treatment

A total of 21 (46.7%) patients received induction chemo-
therapy and 11 (24.4%) received induction EGFR-TKI
before radiotherapy. There were 33 (73.3%) patients who
received IMRT and 12 (26.7%) who received VMAT. A
total of 10 (22.2%) patients received SIB-IMRT, and

44 (97.8%) patients received ≥50 Gy. In one patient with
grade 3 infectious pneumonia, RT was discontinued at
34 Gy. Only one patient received concurrent CRT and
another received concurrent RT and EGFR-TKI.
The MLD was 14.83 Gy (range: 7.92–14.80 Gy). The

median volume of normal lung receiving >5 Gy (V5) was
55.2% (range: 35.3%–83.0%), V20 was 24.3% (range:
10.2%–29.1%), and V30 was 18.5% (range: 3.5%–22.7%).
The median volume of GTV was 29.18 mL (range:
2.57–366.26 mL), and the median volume of PTV was
431.86 mL (range 191.40–846.66 mL). The information
regarding treatment is shown in Table 2.

Toxicity

The grade ≥ 2 adverse events are summarized in Table 3.
Grade 2/3 neutrophils/granulocytes were observed in six
(13.3%) patients. Grade 2/3 nausea and vomiting were
reported in four (8.8%) patients. A total of 11 (24.4%)
patients suffered from grade 2/3 radiation esophagitis, and
the median time from the initial radiotherapy to radiation
esophagitis was 27 days (range: 19–48). There was no
grade 4 or higher related adverse events.
With regard to lung toxicity, 17 (37.7%) patients devel-

oped radiation pneumonitis/pneumonitis of grade 2 or
higher (14 grade 2, 3 grade 3, and no grade 5), and in most
patients (16) the pneumonitis occurred within the radia-
tion field and only one patient had bilateral pneumonitis.
The median time from the beginning of RT to diagnosis of
pneumonitis was 74 days (range: 42–156) days. Two
patients who developed pneumonitis exceeded 90 days
after the end of RT. Data for the patients with grade
3 pneumonitis are shown in Table S1 and Figure S1.
As shown in Table 4, selected patient, tumor, and treat-

ment characteristics, such as age, sex, smoking, CCI, stage,
EGFR-mutation, prescribed dose, dosimetry parameters,
and time of EGFR-TKI were evaluated using univariate
logistic regression analysis to determine their impact on
the development of grade 2+ pneumonitis. We did not
identify a significant correlation between dose volumes

Table 3 Relevant toxicities of the overall cohort

Toxicity Overall (%) Grades 2 (%) Grades 3 (%) Grades 4 (%) Grades 5 (%)

Neutropenia 6 (13.3) 5 (11.1) 1 (2.2) 0 0
Thrombocytopenia 1 (2.2) 1 (2.2) 0 0 0
ALT/AST elevated 1 (2.2) 0 1 (2.2) 0 0
Nausea and vomiting 4 (8.9) 3 (6.7) 1 (2.2) 0 0
Diarrhea 1 (2.2) 0 1 (2.2) 0 0
Pneumonitis 17 (37.7) 14 (31.1) 3 (6.7) 0 0
Pneumonia 4 (8.9) 3 (6.6) 1 (2.2) 0 0
Radiation dermatitis 1 (2.2) 1 (2.2) 0 0 0
Radiation esophagitis 11 (24.4) 10 (22.2) 1 (2.2) 0 0
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(MLD, V20, V30, and V5) and the development of G2+
pneumonitis. A trend was found between the time of
EGFR-TKI and the development of G2+ pneumonitis
(P = 0.095).

For late lung toxicity, only two patients developed G2+
fibrosis based on the CT, both of whom received long-term
consolidation EGFR-TKI. The total time of application of
EGFR-TKI was 52.9 months and 79.4 months, respectively.

Table 4 Risk analysis of the incidence of pneumonitis for EGFR-TKI and radiotherapy

Characteristics Grades 0–1 Grades 2–3 P-value*

Patients
Age 0.677
≥65 12 (42.9) 9 (52.9)
<65 16 (57.1) 8 (47.1)

Sex 0.977
Female 10 (35.7) 6 (35.3)
Male 18 (64.3) 11 (64.7)

Sides 0.373
Right 17 (60.7) 8 (47.1)
Left 11 (39.3) 9 (52.9)

Location 0.504
Upper 17 (60.7) 12 (70.6)
Other location 11 (39.3) 5 (29.4)

KPS 0.718
≥80 27 (96.4) 16 (94.1)
<80 1 (3.6) 1 (5.9)

Smoking 0.609
Yes 17 (60.7) 9 (52.9)
No 11 (39.3) 8 (47.1)

CCI 0.237
0 21 (75.0) 9 (52.9)
1–2 7 (25.0) 8 (47.1)

Tumor
Stagea

IIIA 10 (35.7) 4 (23.5) 0.395
IIIB 18 (64.3) 13 (76.5)

EGFR mutation 0.783
Yes 12 (42.9) 8 (47.1)
No/unknown 16 (57.1) 9 (52.9)

Adenocarcinoma 0.540
Yes 19 (67.9) 10 (58.8)
No 9 (32.1) 7 (41.2)

Treatment
Radiation dose (Gy) 0.387
≥60 20 (71.4) 10 (58.8)
<60 8 (28.6) 7 (41.2)

GTV, mL, median 27.07 59.79 0.341
PTV, mL, median 430.72 448.02 0.518
V5, %, median 54.9 56.8 0.815
V20, %, median 24.2 25.2 0.957
V30, %, median 19.3 18.7 0.398
MLD, mL, median 1447 1492.5 0.832
The cycle of chemotherapy 0.504
≥ 4 11 (39.3) 5 (29.4)
< 4 17 (60.7) 12 (70.6)
Time of EGFR-TKI concurrent with RT (days) 39 41 0.982
Total time of EGFR-TKI (Months) 1.78 7.5 0.095

*For logistic regression. aTumor stage was determined according to the American Joint Committee on Cancer, seventh edition. CCI, Charlson comor-
bidity index; GTV, gross target volume; KPS, Karnofsky performance status; MLD, mean lung dose; PTV, planning target volume; V5, V20, V30, The
volume of normal lung receiving >5, 20, 30 Gy.
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However, both patients achieved good survival and were
still alive with OS 73.7 and 80.1 months, respectively, at
the end of follow-up. The mMRC scale was used to evalu-
ate symptoms of daily dyspnea. As shown in Figure 1a,
patients who developed G2+ pneumonitis reported a sig-
nificantly higher score compared with the baseline score
(P = 0.024). The mMRC score then recovered significantly
after the phase of pneumonitis (P = 0.007), which
suggested only mild late symptoms of dyspnea remained.

Survival and failure patterns

The median follow-up was 62.7 months (interquartile
range [IQR] 51.4–74.2 months). A total of 36 (80.0%)
patients developed tumor recurrence after treatment and
29 (64.4%) patients died. Among the patients who died,
four died of other causes and 25 died as a result of their

cancer. The median PFS and OS of the overall cohort were
17.8 (95% confidence interval [CI]:11.6–24.5) and 36.6
(95% CI: 20.5–52.7) months, respectively. The patients
with EGFR-mutations had a median PFS of 27.9 (95% CI:
18.7–37.2) months and an OS of 49.7 months (95% CI:
27.7–71.8), respectively. The median PFS and OS of the
patients with EGFR wild-type/unknown was 13.8 months
(95% CI: 8.8–18.9) and 31.1 months (95% CI: 9.8–52.4)
months, respectively. Neither OS nor PFS were different
between patients with G2+ radiation pneumonitis or those
without (P = 0.763 for OS and P = 0.582 for PFS, Fig 1b,c).
Among patients with EGFR-mutations, the only distant

failure was most prominent at the first site of progression
(65%) relative to the only locoregional progression
(10.0%). However, distant (32.0%) and locoregional failure
(40.0%) were also common sites of progression for patients
with EGFR-wild-type/unknown.

Figure 1 (a) The modified Medical Research Council (mMRC) scores of the 17 patients with radiation pneumonitis of grade 2 or higher in different
phases. RT, radiotherapy; RP, radiation pneumonitis; RF, radiation fibrosis. (b, c) The progression-free survival (PFS) and overall survival (OS) for grades
2+ and grades 0–1 radiation pneumonitis/pneumonitis.

Table 5 Studies of concurrent EGFR-TKI and radiotherapy for stage III/IV non-small cell lung cancer (NSCLC)

Study Phase Number Stage EGFR-TKIs
Radiotherapy
dose (Gy)

Grade 2
pneumonitis

Grade 3
pneumonitis

Grades 4–5
pneumonitis

Ready et al.6 II 60 III Gefitinib 66/2 NR 4 (6.7) 5 (8.3)
Niho et al.7 II 38 III Gefitinib 60/2 1 (2.6) 1 (2.6) 0
Komaki
et al.15

II 46 III Erlotinib 63/2 5 (10.9) 2 (4.3) 1 (2.2)

Okamoto
et al.24

Prospective 9 III Gefitinib 60/2 0 1 (11.1) 0

Center
et al.25

I 16 III Gefitinib 70/2 NR 1 (6.25) 2 (12.5)

Antonin
et al.26

II 16 III Gefitinib 66/2 NR NR 1 (6.3)

Lilenbaum
et al.27

II 75 III Erlotinib 66/2 NR 1 (1.3) 0

Wang
et al.28

Prospective 26 III/IV Gefitinib/
erlotinib

42–82/2 NR 1(4) 0

Zhuang
et al.9

Prospective 24 III/V Erlotinib 46–66/2 4 (16.7) 2 (8.3) 3 (12.5)

Pooled data - 310 - - - 10.3 4.2 3.9
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Discussion

The results of the present study revealed superior survival
in patients with EGFR-mutations treated with combination
EGFR-TKI and radiotherapy and patients had comparable
outcomes to those with EGFR-wild-type/unknown; how-
ever, the mild or moderate grade radiation pneumonitis/
pneumonitis reported might be a cause for concern.
Our results showed that the strategy of adding EGFR-

TKI to radiotherapy to increase survival is feasible. Com-
pared to treatment with first-generation EGFR-TKIs, treat-
ment with second-generation targeted drugs (such as
dacomitinib) and third-generation osimertinib prolonged
PFS by 5.5 and 8.7 months, respectively. The median PFS
and OS of patients treated with osimertinib increased to
18.7 and 38.6 months, respectively.13,14 Treatment with a
combination of EGFR-TKI with radiotherapy is essential in
patients with locally advanced NSCLC, and the strategy
might be a promising choice to treat those patients with
locally advanced NSCLC who have EGFR-mutations. A
previous single-arm phase II study provided the first indi-
cation that combining erlotinib and chemoradiation could
increase OS in local advanced NSCLC (median OS
36.5 months, five-year OS, 35.9%); however, the PFS failed
to meet expectations.15 A stratified phase II trial, CALGB
30106, showed that the survival of a poor-risk cohort
treated with sequential chemoradiation with gefitinib was
favorable; however, the outcomes for the good-risk group,
including those with EGFR-mutations, was unsatisfactory.6

Unfortunately, compared with the historical data from tri-
als using traditional chemoradiation, the above results of
radiation and EGFR-TKI failed to improve survival in
patients with wild-type EGFR or EGFR status
unknown.16,17 A phase II trial using concurrent erlotinib
with radiotherapy compared with EP (etoposide and cis-
platin) regimen showed significant and superior PFS (24.5
vs. 9.0 months, P < 0.001) in patients with EGFR-muta-
tions.8 In our study, the combination of EGFR-TKIs and
radiotherapy also achieved a promising PFS (27.9 months)
for the EGFR-mutation subcohort, and the OS was
49.7 months. However, the survival in EGFR wild-type/
unknown was similar to that in the above- mentioned
trials.
However, the related lung toxicity was a cause for con-

cern. Based on some large-scale reports, the incidence of
interstitial lung disease (ILD) induced by gefitinib was
3.5%–5.8% in Asian patients.18,19 More importantly, ILD
was associated with higher grade radiation pneumonitis
(grade > 2) in patients receiving radiotherapy.20 Despite
the unclear potential internal mechanism, pulmonary
interstitial changes might be the primary cause of radiation
pneumonitis after radiotherapy and EGFR-TKI. In a group
of 145 patients with EGFR mutations with oligometastatic

NSCLC, radiation pneumonitis was induced by consolida-
tion radiotherapy followed by EGFR-TKIs in 7%.21 More-
over, life-threatening pneumonitis has also been observed
in several studies. A phase II trial of concurrent EGFR-
TKIs and radiotherapy (54–60 Gy) for patients with
advanced NSCLC with EGFR mutations showed that grade
3 and fatal radiation pneumonitis occurred in 10%.22 A
previous prospective study researched the prevalence of
radiation pneumonitis in patients with NSCLC treated
with concurrent radiotherapy and erlotinib. Grade 2 or
higher radiation pneumonitis occurred in 37.5% (9/24) of
patients, grade 3 in 8.7%, and three (12.5%) developed
grade 5 radiation pneumonitis.9 However, bilateral imaging
changes occurred in these three patients with fatal pneu-
monitis, and not confined to the radiation yield. More
importantly, the lung-related radiation dose parameters of
the patients who died did not exceed the routine dose
limits. The risk analysis from this trial revealed that the
V20 > 22%,v30 > 17% was associated with increased radia-
tion pneumonitis.23 These previous analyses indicate that
grade 3 pneumonitis rates occurred in 1.3%–11.1% (pooled
rate: 4.2%) of patients, with an incidence of grade 4 or
higher pneumonitis of 2.2%–12.5% (pooled rate: 3.9%,
Table 5). According to strict dose limits in our series,
37.7% of patients developed symptomatic radiation pneu-
monitis (grades 2+) and 6.7% had severe (grade 3) pneu-
monitis. Furthermore, pneumonia (grades 2+) was also
observed in 8.9% patients, However, no grade 4–5 adverse
events and limited late lung toxicity were observed. Over-
all, our results confirmed that we should pay careful atten-
tion to pulmonary toxicity when combining radiotherapy
and EGFR-TKIs to treat NSCLC. The risk factors of severe
pneumonitis should be further explored in prospective
trials.
The present study had several limitations. First, the find-

ings were restricted by the single institution and retrospec-
tive nature of the study. Furthermore, the prevalence of
EGFR mutations in locally advanced NSCLC limited the
size of the sample.29,30 Our findings should be further veri-
fied by a large-scale and multicenter cohort study. Impor-
tantly, the application of EGFR-mutation testing is not
routinely recommended in squamous cell lung cancer.
Therefore, we could not acquire the information for all
patients with an EGFR mutation. Finally, the clinical
decision-making concerning EGFR-TKIs may differ
according to the doctor or the patient’s personal situation.
For example, compared with gefitinib therapy, erlotinib is
associated with a lower incidence of ILD.31 Similarly, our
study also showed that most radiation pneumonitis was
associated with gefitinib therapy (14/17, 82.4%).
In conclusion, we explored the survival and toxicity of

radiotherapy combined with EGFR-TKI. Combined EGFR-
TKI and radiotherapy were associated with superior
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survival in patients with EGFR-mutations with inoperable
stage III NSCLC. These patients experienced a slightly
higher incidence of mild or moderate radiation pneumoni-
tis. Overall, applying EGFR-TKI during interval radiother-
apy should be further assessed and studied in prospective
research.
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