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Outcomes of geﬁtinib therapy for disease
recurrence in medically inoperable stage I lung
adenocarcinoma patients with active EGFR
mutations receiving stereotactic body radiotherapy:
a single-institute retrospective study
Kosuke Kashiwabara, MD*, Hiroshi Semba, MD, Shinji Fujii, MD, Shinsuke Tsumura, MD

Introduction: Anticancer therapy for disease recurrence in medically inoperable stage I lung adenocarcinoma patients receiving
stereotactic body radiotherapy (SBRT) has not been previously reported. Geﬁtinib is tolerable and effective in patients with active
epidermal growth factor receptor (EGFR) mutations who have an advanced age and/or a low performance status, but whether
geﬁtinib improves the survival of such patients with disease recurrence after SBRT remains unclear.
Patients and methods: We retrospectively evaluated overall survival after disease recurrence in patients with active EGFR
mutations who received geﬁtinib (GEF group) and patients without active EGFR mutations who did not receive geﬁtinib (non-GEF
group).
Results: During a follow-up period with a median time of 36.0 months, disease recurrence occurred in 10 of 20 patients with
medically inoperable stage I lung adenocarcinoma who received SBRT (2 cases with local tumor recurrence alone and 8 cases with
lymph node and/or distant metastasis). The median age or the median Charlson comorbidity index score were 84 years and 2 in the
GEF group (n = 4) and 81 years and 2 in the non-GEF group (n = 6), respectively. Two cases in the GEF group received
chemotherapy after ﬁrst-line geﬁtinib therapy. Two cases in the non-GEF group received chemotherapy, but the others received best
supportive care alone. The median overall survival time from disease recurrence was signiﬁcantly different between the 2 groups
(27.3 vs. 3.6 mo, P = 0.038). Two cases with grade 2 radiation pneumonitis did not have a recurrence of pneumonitis during geﬁtinib
therapy.
Conclusions: Geﬁtinib might be useful as a salvage therapy in patients who desire to continue anticancer treatment.
Keywords: Adenocarcinoma, Stereotactic body radiotherapy, Geﬁtinib, EGFR mutations

conventional RT has been inferior to that of patients receiving
surgical resection because the radiation dose of conventional RT
was too low to control the local tumor, hypofractionated highdose stereotactic body RT (SBRT) has recently been performed in
patients with relatively small NSCLC lesions.
SBRT is an irradiation technique using multiple nonopposing
beams or large angle arc rotations to enable to the precisely targeted irradiation of lung cancer while minimizing the radiation
dose to normal tissue. As the dose-per-fraction increases allow
biological doses that are up to twice as high as conventional RT,
SBRT can enable local tumor control rates of ∼90% or the 3-year
overall survival (OS) rates of 56%–83% without any signiﬁcant
decline of quality of life after the treatment[5–9]. SBRT plays an
important role in the management of medically inoperable stage I
NSCLC patients[10]. The 3-year disease-free survival (DFS) rates
of patients receiving SBRT has been reported to range from 48%
to 70%[5,7,8] and half of all patients exhibit recurrent lung cancer
after SBRT. Nonetheless, sequential therapy for disease recurrence has not been previously reported, possibly because patients
receiving SBRT do not expect to receive sequential therapy
because of either an advanced age or an impaired medical condition resulting in death as a result of severe comorbidities.
We have noticed the presence of epidermal growth factor
receptor (EGFR) mutations in such patients. EGFR tyrosine kinase

Surgical resection is a standard treatment for stage I non–small
cell lung cancer (NSCLC), but it is often not feasible for early lung
cancer patients with an advanced age, severe comorbidities or
other medical conditions. Radiotherapy (RT) can be useful as a
therapeutic alternative for medically inoperable stage I NSCLC
patients[1–4]. However, as the prognosis of patients receiving
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155 stage IA cases with lung adenocarcinoma

52 stage IB cases with adenocarcinoma

125 cases receiving surgery (81%)

42 cases receiving surgery (81%)

13 cases receiving best supportive
care alone (8%)

4 cases receiving best supportive
care alone (8%)

3 cases with insufficient data (2%)

14 cases receiving thoracic radiotherapy (9%)

6 cases receiving thoracic radiotherapy (12%)

6 cases without recurrence (4%)

4 cases without recurrence (8%)

8 cases with recurrence (5%)

4 cases with active EGFR mutations

2 cases with recurrence (4%)

6 cases without active EGFR mutations

Figure 1. Study ﬂowchart. EGFR indicates epidermal growth factor receptor.

surgery were an advanced age (n = 8; median patient age, 87 y), a
previous history of a lower lobe lobectomy for lung cancer
(n = 5), poor pulmonary function because of chronic lung disease
(n = 2), and severe cardiovascular disease (n = 2). Three cases
with insufﬁcient data were excluded from this study. SBRT was
performed in 14 cases (9%) with stage IA disease and in 6 cases
(12%) with stage IB disease (Fig. 1).
SBRT was planned and performed at the Kumamoto Radiosurgery
Clinic (Kumamoto, Japan). Patients were immobilized in supine
position with arms above the shoulder using a Vac-Lok and HipFix
airbag system (CIVCO Medical Solution, Kalona, IA). They were
planned and treated on a Novalis Tx system with an ExacTrac and
On-Board Imager stereotactic body positioning system (BrainLab,
Tokyo, Japan). The clinical tumor volume was delineated as visualized
on the pulmonary CT windows (GE Lightspeed RT16; GE
Healthcare, Tokyo, Japan) and the internal target volume was created
individually according to the internal respiratory motion. The planned
target volume margin was 5–10 mm in all directions. An intensity
modulated arc therapy (Valian Medical Systems, Tokyo, Japan) was
performed. The median biological effective dose (BED10) was deﬁned
as nd[1 + d/α/β], with n being the number of fractions, d being the daily
single fraction dose; the α/β value for the tumor tissue was set at 10 Gy.
According to the Response Evaluation Criteria in Solid Tumours
version 1.1, complete response (CR) was deﬁned as disappearance of
all target lesions, partial response (PR) was deﬁned as ≥ 30% decrease
in the sum of the longest diameters of target lesions compared with the
baseline, progressive disease (PD) was deﬁned as ≥ 20% increase in
the sum of the longest diameters of target lesions compared with the
smallest-sum diameter recorded and/or the appearance of one or
more new lesions and stable disease (SD) was deﬁned as neither PR
or PD. Adverse events were evaluated according to the National
Cancer Institute-Common Terminology Criteria for Adverse Events,
version 4.0.

inhibitors (EGFR-TKI) are associated with a high objective response
rate and long progression-free survival or OS periods in patients
with advanced NSCLC with active EGFR mutations[11–17]. In
addition, geﬁtinib is tolerable and effective in NSCLC patients aged
75 years and above or with an Eastern Cooperative Oncology
Group performance status (PS) score of 2–4[18,19]. Here, we retrospectively evaluated the efﬁcacy and tolerability of geﬁtinib in
patients with medically inoperable stage I lung adenocarcinoma and
disease recurrence after SBRT.

Patients and methods
This work is registered at Research Registry with UIN 4482 and has
been reported in line with the STROCSS criteria[20]. This singleinstitute retrospective study was approved by the Institutional
Review Board of the Kumamoto Regional Medical Center
(approval date, March 27, 2018; approval number, 17-038). Data
for 207 patients with clinical stage I lung adenocarcinoma were
retrospectively retrieved from the database of electronic medical
records: all patients had been treated during a 7-year period from
April 1, 2010 to March 31, 2017. These patients had been diagnosed as having adenocarcinoma using bronchoscopy and/or percutaneous needle biopsy at our institute and had undergone the
torso computed tomography (CT), brain magnetic resonance imaging, and F-18 ﬂuorodeoxyglucose positron emission tomography
examinations. Their diseases had been staged according to the
guidelines of the Union for International Cancer Control TNM
classiﬁcation of malignant tumors (seventh edition). Their EGFR
mutation statuses had been examined using the peptide nucleic acidlocked nucleic acid polymerase chain reaction clamp method[21].
One-hundred twenty-ﬁve (81%) of the 155 stage IA cases and
42 (81%) of the 52 stage IB cases underwent surgery. Eight
percent of the stage IA cases and 8% of the stage IB cases received
best supportive care (BSC) alone. The reasons for not receiving
2
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Thin-section CT images were obtained using a Brilliance 64
CT system (Philips, Tokyo, Japan) and were evaluated independently by both a radiologist and a respirologist. Nonsolid nodules
were deﬁned as nodules within which none of the lung parenchyma was obscured; part-solid nodules were deﬁned as
nodules containing patches of completely obscured lung parenchyma; and solid nodules were deﬁned as nodules within which
the lung parenchyma was completely obscured[22].
Comorbidities were documented at the initiation of SBRT and
were deﬁned according to the Charlson comorbidity index (CCI),
which is widely used to evaluate the severity of comorbidities and
consists of 17 comorbid conditions (a score of comorbidity)
including diabetes mellitus (1), cerebrovascular disease (1), cardiovascular disease (1), chronic lung disease (1), connective tissue
disease (1), neoplasm (2), and others[23].
The statistical analysis was performed on a computer using the
Stat View J 5.0 statistical program (SAS Institute Inc., Berkeley,
CA). Differences in clinical data between 2 independent samples
were tested using the Mann-Whitney U test. Categorical data were
analyzed using the χ2 test or the Fisher exact probability test.
Univariable analyses of clinical variables were performed to identify
possible risk factors affecting OS. The DFS and the OS were estimated using the Kaplan-Meier method. A 2-tailed P-value of <0.05
was considered to indicate a statistically signiﬁcant difference.

Table 1
Patient and disease characteristics in patients receiving SBRT.
No. Patients (%)
Age (y)
Sex
Performance status
Smoking history
Charlson comorbidity index
Comorbidities

Thin-section CT images

Clinical stage
EGFR mutation

SBRT

Results
Radiation pneumonitis
(grade 2)
Recurrence of cancer
Recurrence sites

Survival in patients receiving SBRT
The patient and disease characteristics are summarized in
Table 1. The median patient age was 83 years at the initiation of
SBRT. In the studied group, 20% were women, 10% had a PS
score of 2, 65% were past or current smokers, 90% had
comorbidities with a median CCI score of 2, 90% had solid
nodules and 70% had a stage IA disease. There were 7 cases with
active EGFR mutations and 13 cases without active EGFR
mutations (10 cases with a wild-type EGFR mutation and 3 cases
with an unknown status). All the patients completed SBRT with a
median daily dose of 6 Gy, a median fraction number of 13
fractions, a median total dose of 60 Gy and a median BED10 dose
of 96 Gy. Of the 20 tumors after SBRT, 4 tumors achieved CR, 12
achieved PR and 4 achieved SD. Five cases exhibited grade 2
radiation pneumonitis and 3 received the oral administration of
prednisolone (0.5 mg/kg). There were no adverse events except
grade 1 dermatitis (n = 2) and grade 2 esophagitis (n = 2).
During a median 36.0-month follow-up period from the
initiation of SBRT, 10 of the 20 cases receiving SBRT experienced
disease recurrence (2 cases with local tumor recurrence alone and
8 cases with lymph node and/or distant metastasis); the local
control rate was 80%. Disease recurrence was observed in 4 of
the 7 cases with active EGFR mutations and in 6 of the 13 cases
without active EGFR mutations. The median DFS time and the
3-year DFS rate were 45.3 months and 64% for the cases with
active EGFR mutations and 37.5 months and 56% for the cases
without active EGFR mutations (Fig. 2A). Eight cases died of
cancer and 2 cases died from another disease. The median OS
time and the 3-year OS rate were higher for the cases with active
EGFR mutations than for those without active EGFR mutations
(median OS times, 72.8 vs. 55.0 mo; 3-year OS rates, 100% vs.
59%), but the differences were not statistically signiﬁcant
(P = 0.301) (Fig. 2B).

Women
0, 1
2
Past or current smokers
Yes
Chronic lung disease
Diabetes mellitus
Cerebrovascular disease
Cardiovascular disease
Connective tissue disease
Neoplasm
Nonsolid nodules
Part-solid nodules
Solid nodules
IA
IB
Deletion of exon 19
L858R in exon 21
Wild type or unknown
Daily dose
Fraction number
Total dose
BED10

Yes
Local tumor alone
Lymph node and/or distant
metastasis

83 (69–94)
4 (20)
18 (90)
2 (10)
13 (65)
2 (0–4)
18 (90)
8 (40)
4 (20)
3 (15)
2 (10)
1 (5)
6 (30)
0
2 (10)
18 (90)
14 (70)
6 (30)
2 (10)
5 (25)
13 (75)
6 (2–12)
10 (4–35)
60 (48–73)
96 (84–106)
5 (25)
10 (50)
2 (10)
8 (40)

Data are number (%) or median (range).
BED10 indicates biological equivalent dose using an alpha-beta for tumor tissue of 10 Gy; CT, computed tomography; EGFR, epidermal growth factor receptor; SBRT, stereotactic body radiotherapy.

Survival in patients receiving geﬁtinib
We divided the 10 patients with disease recurrence into 2 groups:
patients with active EGFR mutations who received geﬁtinib (GEF
group; n = 4) and patients without active EGFR mutations who
did not receive geﬁtinib (non-GEF group; n = 6). The median
patient age was 84 years in the GEF group and 81 years in the
non-GEF group. In the GEF group, the percentages of women
(50% vs. 17%) and cases with stage IA disease (100% vs. 67%)
were higher and the percentages of cases with smoking history
(50% vs. 83%) and a median BED10 dose (89 Gy vs. 94 Gy) were
lower than those in the non-GEF group (Table 2). Patients in the
GEF group experienced anemia (n = 1), the elevated levels of
alanine aminotransferase and asparate aminotransferase (n = 1),
skin rash (n = 4), diarrhea (n = 2), and anorexia (n = 1), but there
were no adverse events with grade ≥ 3 (Table 3).
Two cases in the GEF group received monotherapy with thirdgeneration cytotoxic agents after the failure of ﬁrst-line geﬁtinib
therapy. Two cases in the non-GEF group received ﬁrst-line
chemotherapy including carboplatin-based doublet regimens,
whereas the others received BSC alone. One case in the non-GEF
group exhibited grade 3 drug-induced pneumonitis during chemotherapy and was treated with an oral administration of
3

Kashiwabara et al. International Journal of Surgery Oncology (2019) 4:e72

International Journal of Surgery Oncology

A

B
100

80

Group

N

EGFR (+)
EGFR (-)

7
13

Median 3y-rates
month
%
45.3
64
37.5
56

P

80

0.751

Overall survival (%)

Disease free survival (%)

100

60
EGFR (-)

40
EGFR (+)

60
40

EGFR (+)

20

20

0

0

0

12

24

36

48

Number at risk
EGFR (+) 7
EGFR (-) 13

6
10

4
6

3
4

2
2

60
72
Month
2
2

2
2

84

96

108

120

2
0

2
0

1
0

0
0

EGFR (-)

Group

N

EGFR (+)
EGFR (-)

7
13

Median 3y-rates
month
%
72.8
100
55.0
59

0

12

24

36

48

Number at risk
EGFR (+) 7
EGFR (-) 13

7
10

5
6

5
5

3
3

P
0.301

60
72
Month
3
2

3
2

84

96

108

120

2
0

2
0

1
0

0
0

Figure 2. Disease-free survival (A) and overall survival (B) after the initiation of stereotactic body radiotherapy in patients with active EGFR mutations and patients
without active EGFR mutations. EGFR indicates epidermal growth factor receptor.

prednisolone (0.5 mg/kg). Two of the 5 cases with grade 2
radiation pneumonitis had active EGFR mutations, but pneumonitis did not recur during geﬁtinib therapy. Grade 3 neutropenia was found during chemotherapy in one case in each of
the group. The median OS times after disease recurrence were
27.3 months in the GEF group and 3.6 months in the non-GEF
group and this difference was signiﬁcant (P = 0.038) (Fig. 3).

Table 2
Patient characteristics at the time of disease recurrence in
patients who received geﬁtinib (GEF group) and in patients who did
not receive geﬁtinib (non-GEF group).
GEF
(N = 4)
EGFR mutation

4 (100)
2 (50)
2 (50)
84 (77–89)
Women
2 (50)
Men
2 (50)
0, 1
4 (100)
2
0
Past or current smokers 2 (50)
2 (1–4)

0
0
0
81 (69–87)
1 (17)
5 (83)
5 (83)
1 (17)
5 (83)
2 (0–4)

Part-solid nodules
0
Solid nodules
4 (100)
Clinical stage
IA
4 (100)
IB
0
SBRT
BED10
89 (84–96)
Radiation pneumonitis (grade ≥ 3)
2 (50)
Anticancer therapy for disease recurrence after SBRT
First-line
Geﬁtinib
4 (100)
Carboplatin-based
0
therapy
Monotherapy
0
Best supportive care
0
alone
Second-line or thereafter
Monotherapy
2 (50)
Best supportive care
2 (50)
Adverse events
Drug-induced
0
(grade ≥ 3)
pneumonitis
Neutropenia
1 (25)

1 (17)
5 (83)
4 (67)
2 (33)
94 (91–96)
0

Age (y)
Sex
Performance status
Smoking history
Charlson comorbidity
index
Thin-section CT images

Yes
Deletion of exon 19
L858R in exon 21

Non-GEF
(N = 6)

Discussion
The 3-year OS rates for medically inoperable stage I NSCLC
patients receiving SBRT reportedly range from 56% to 83%[5–9].
In the present study, the 3-year OS rate in patients without active
EGFR mutations was 59%, which was slightly lower than the
results of previous reports. Onishi et al[6] reported that the local
control and survival rates were better in patients receiving SBRT
with a BED10 of ≥ 100 Gy than in those with a BED10 of < 100
Gy. The median BED10 dose in our study was 96 Gy (range,
Table 3
Hematological and nonhematological toxicity in patients who
received geﬁtinib (n = 4).
NT-CTC Grade

0
1 (17)
Hematological toxicity
Neutropenia
Thrombocytopenia
Anemia
Nonhematological toxicity
Pneumonitis
AST/ALT
Rash
Diarrhea
Anorexia

1 (17)
4 (67)
0
0
1 (17)
1 (17)

Data are number (%) or median (range).
BED10 indicates biological equivalent dose using an alpha-beta for tumor tissue of 10 Gy; CT, computed tomography; EGFR, epidermal growth factor receptor; GEF, geﬁtinib; SBRT, stereotactic body
radiotherapy.

All

1

2

≥3

0
0
1

0
0
1

0
0
0

0
0
0

0
1
4
2
1

0
1
3
2
1

0
0
1
0
0

0
0
0
0
0

AST/ALT indicates alanine aminotransferase/aspartate aminotransferase; NT-CTC, National Cancer
Institute Common Terminology Criteria.
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Overall survival rate (%)

100
80

Group

N

GEF
Non-GEF

4
6

Median 3y-rates
month
%
27.3
50
3.6
0
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active EGFR mutations, even if they have an advanced age, severe
comorbidities or other medical conditions.
In conclusion, geﬁtinib might be useful as a salvage therapy in
patients who desire to continue anticancer treatment.

P
0.038

60

Compliance with ethical standards

40

All procedures involving human participants were performed in
accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

EGFR (+)

20
EGFR (-)
0
0

Number at risk
GEF 4
Non-GEF 6

12

24

4
1

3
0

36
48
Month
2
0

1
0

60

72

84

1
0

1
0

0
0

Ethical approval
Institutional Review Boards at the corresponding institutions
approved this study.

Figure 3. Overall survival after disease recurrence in patients who received
geﬁtinib (GEF group) and patients who did not receive geﬁtinib (non-GEF
group). EGFR indicates epidermal growth factor receptor; GEF, geﬁtinib.

Sources of funding
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84–106 Gy) and this may explain the relatively 3-year OS rate.
On the other hand, the 3-year OS rate was 100% in the 7 patients
with active EGFR mutations who received geﬁtinib. Our study
suggests that geﬁtinib can improve the prognosis from the time of
disease recurrence after SBRT in medically inoperable stage I
adenocarcinoma patients with active EGFR mutations.
The Japan Lung Cancer Society guideline[24] recommends that
EGFR-negative patients aged 75 years and above or with a PS
score of 0–2 receive monotherapy with a third-generation cytotoxic agent or carboplatin-based doublet chemotherapy and that
patients with a PS score of 3–4 receive BSC alone. In our study,
chemotherapy was performed in only 34% of the patients in the
non-GEF group because of an advanced age or the presence of
severe comorbidities, although all the patients had a PS score of
0–2 at the time of disease recurrence after SBRT. On the other
hand, all the cases in the GEF group received geﬁtinib, and 50%
received sequential monotherapy.
Geﬁtinib is tolerable and effective in patients with an advanced
age or with an impaired physical condition[18,19] and is less toxic
than cytotoxic chemotherapy, with the most frequent adverse
events being skin rash or diarrhea. In Japan, however, druginduced pneumonitis caused by geﬁtinib has been reported as a
serious and occasionally fatal adverse event associated with the
use of EGFR-TKIs, with an overall prevalence of 3.5% and a
mortality rate of 1.6%[25]. In the present study, 2 of the 5 cases
with grade 2 radiation pneumonitis had active EGFR mutations,
but the pneumonitis did not recur during geﬁtinib therapy. In
addition, the most common adverse events of geﬁtinib therapy
was rash and diarrhea. The incidence of adverse events including
pneumonitis reportedly does not increase in patients undergoing
thoracic RT with concurrent administration of geﬁtinib as a
radio-sensitizer[26,27]. We suggest that geﬁtinib is tolerable and
effective in patients receiving SBRT and does not increase the risk
of other toxicities.
The sample size in our study was relatively small because this
was a retrospective study performed at a single institute. Our
study, however, is the ﬁrst to show that geﬁtinib improves the
survival after disease recurrence following SBRT in patients with
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