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Abstract

Background: Lung cancer is most common among older individuals. However, polypharmacy and comorbidities,
which are also more common in older individuals, can limit treatment options. Previous studies suggest that
afatinib can be used safely and effectively in elderly patients. This study investigated the anti-tumour activity and
safety profile of first-line afatinib in previously-untreated elderly Japanese patients with EGFR mutation-positive non-
small cell lung cancer (NSCLC).

Methods: This was a single-arm, open-label, phase II study, performed in multiple centres in Japan. Previously
untreated patients, aged ≥75 years, with EGFR mutation-positive (Del19 or L858R) advanced NSCLC were treated
with afatinib 40 mg until disease progression or unacceptable toxicity. Adverse events (AEs) were managed with
protocol-defined dose adjustments. The primary endpoint was objective response rate (ORR) by central review.

Results: In total, 38 patients received at least one dose of afatinib, and 37 were evaluable for response. Median age
was 77.5 years (range 75–91), all patients had an Eastern Cooperative Oncology Group performance status of 0 or 1,
and 60.5% had Del19-positive disease. Median follow-up was 838 days. ORR was 75.7% (2 complete responses and
26 partial responses). Median progression-free survival was 14.2 months (95% confidence interval [CI], 9.5–19.0).
Median overall survival (OS) was 35.2 months (95% CI, 35.2–not reached); the 2-year OS rate was 78.3%. The most
common grade 3/4 treatment-related AEs (TRAEs) were diarrhoea (28.9%), paronychia (23.7%), and rash/acne
(15.8%). Dose reductions due to TRAEs were reported in 78.9% of patients, and eight (21.1%) patients discontinued
afatinib due to TRAEs. No treatment-related deaths were reported.

(Continued on next page)

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: yminegis@nms.ac.jp
1Department of Pulmonary Medicine and Oncology, Graduate School of
Medicine, Nippon Medical School, 113-8603 1-1-5 Sendagi Bunkyo-Ku, Tokyo,
Japan
Full list of author information is available at the end of the article

Minegishi et al. BMC Cancer          (2021) 21:208 
https://doi.org/10.1186/s12885-021-07861-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-07861-1&domain=pdf
http://orcid.org/0000-0001-5023-8058
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:yminegis@nms.ac.jp


(Continued from previous page)

Conclusion: Although dose adjustments were relatively common in this small group of Japanese patients aged
≥75 years with EGFR mutation-positive NSCLC, discontinuation occurred much less frequently, and most patients
were able to stay on treatment for well over a year. Further, afatinib was associated with high response rates and
prolonged PFS and OS.

Trial registration: The trial is registered with Japan Registry of Clinical Trials (JRCT) as trial number 031180136 (date
of initial registration: 19 February 2019), and the University Hospital Network (UMIN) as trial number 000017877
(date of initial registration: 11 June 2015).

Keywords: Non-small cell lung cancer, Elderly patients, Japan, Afatinib, EGFR mutation, Efficacy, Safety, Dose
adjustment

Background
Lung cancer is the leading cause of cancer-related death
worldwide, and among men in Japan [1]. Lung cancer is
most frequently diagnosed between the ages of 65 and
74 years [2]. With the population of older patients diag-
nosed with non-small cell lung cancer (NSCLC) increas-
ing, the choice of first-line treatment for older patients
is an important decision, which may be complicated by
age-related factors such as comorbidities and polyphar-
macy [3]. In patients without a treatable oncogene
driver, current Pan-Asian clinical practice guidelines rec-
ommend carboplatin-based doublet chemotherapy for
eligible patients aged ≥70 years with Eastern Cooperative
Oncology Group performance status (ECOG PS) of 0–2
and adequate organ function, while single-agent chemo-
therapy remains the standard of care for patients not eli-
gible for doublet chemotherapy [1]. In addition, the
guidelines recommend considering immunotherapy for
elderly patients who are not candidates for targeted
therapy.
Epidermal growth factor receptor (EGFR) activation

through tumour EGFR gene mutations drives malig-
nancy in a proportion of patients with NSCLC. Activat-
ing EGFR mutations are found in up to 50% of NSCLC
tumours from Asian populations, including in 30–40%
of Japanese patients [4, 5]. Patients whose tumours
harbour EGFR mutations may be sensitive to EGFR tyro-
sine kinase inhibitors (TKIs), which are recommended
treatment options in this setting [1, 6, 7]. Asian treat-
ment guidelines recommend EGFR-TKI monotherapy as
first-line treatment for the general population of patients
with EGFR mutation-positive NSCLC [1, 8], and there is
evidence that EGFR-TKIs may be effective for some eld-
erly patients with EGFR mutation-positive NSCLC [9].
Afatinib is a second-generation, irreversible ErbB-

family blocker [10] that is approved in many countries,
including Japan [11], for the first-line treatment of pa-
tients with EGFR mutation-positive NSCLC. The efficacy
of afatinib in treating patients with EGFR mutation-
positive NSCLC was established in the global, phase III
LUX-Lung 3 study [12], the phase III LUX-Lung 6 study in

Asian patients [13], and the global, phase IIb LUX-Lung 7
study [14, 15]. Afatinib was generally well tolerated in these
studies; treatment-related adverse events (TRAEs) were
mainly EGFR-TKI class-related toxicities, and were man-
aged with tolerability-guided dose reductions. Few treat-
ment discontinuations were reported [12, 13]. Among
Japanese patients in LUX-Lung 3, prolonged progression-
free survival (PFS) and improved overall survival (OS) in
patients with EGFR Del19-positive tumours was confirmed
for afatinib versus platinum-based chemotherapy [16]. The
safety profile of afatinib in Japanese patients was as
to be expected from EGFR-TKI exposure, but a
higher rate of afatinib dose reductions was observed
compared with the overall LUX-Lung 3 population
(76% vs 52%) [12, 16]. In a subgroup analysis of the
LUX-Lung 3, 6, and 7 studies, afatinib was effective
and tolerable in patients with EGFR mutation-positive
NSCLC, independent of age at diagnosis [3].
In addition to evidence from the LUX-Lung studies, a

phase I trial including treatment at the approved dose of
40 mg, and a phase II trial employing afatinib at 30 mg
support the feasibility of first-line afatinib as a treatment
option in elderly Japanese patients with EGFR mutation-
positive NSCLC [17, 18]. The aim of the current study
was to further investigate the antitumour activity and
safety profile of daily afatinib (40 mg) in previously un-
treated Japanese patients aged ≥75 years with EGFR
mutation-positive NSCLC.

Methods
Study design
NEJ027 was a single-arm, multicentre, open-label, phase
II study of first-line afatinib in patients aged ≥75 years,
with EGFR mutation-positive NSCLC. The primary end-
point was objective response rate (ORR). Secondary end-
points were PFS, PFS in patients with EGFR Del19-
versus L858R-positive disease, time to treatment failure
(TTF), OS, disease control rate (DCR), 1- and 2-year
survival rates, and frequency of adverse events (AEs).
The study was approved by the Institutional Review

Boards of all participating institutions and was
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performed in accordance with the Declaration of
Helsinki, the International Conference on Harmonisa-
tion of Technical Requirements for Pharmaceuticals for
Human Use, Good Clinical Practice, and local laws. All
patients provided written informed consent.
The trial is registered with the Japan Registry of Clin-

ical Trials (JRCT) as trial number 031180136, and the
University Hospital Network (UMIN) as trial number
000017877.

Patients and treatment
Patients were aged ≥75 years, with histologically or cyto-
logically confirmed stage III/IV disease (according to the
General Rule for Clinical and Pathological Record of
Lung Cancer, 7th edition) [19] or recurrent NSCLC, ≥1
measurable lesion (per Response Evaluation Criteria in
Solid Tumours [RECIST] version 1.1) [20], and EGFR
Del19- or L858R-positive disease (see Additional
Methods). An ECOG PS of 0–1, and a life expectancy of
> 3 months were required. Previous treatment with
chemotherapy or EGFR-targeting therapy was not
allowed, and patients with active lung disease, symptom-
atic brain metastases and hypersensitivity to the study
drug were excluded.
Patients received afatinib at a starting dose of 40mg/day

until disease progression or unacceptable toxicity. Con-
tinuation of afatinib treatment after disease progression
was permitted. Appropriate prevention and management
of designated AEs (diarrhoea and skin disorders) was
provided through treatment interruptions and dose re-
ductions. Dose adjustments were implemented for
Common Terminology Criteria for Adverse Events
(CTCAE) grade ≥ 3 AEs or prolonged selected grade 2
AEs (including diarrhoea, stomatitis, rash, nausea,
vomiting) despite best supportive care. During treat-
ment interruptions, afatinib was suspended until AE
severity recovered to grade ≤ 1 or baseline severity. If
recovery was achieved within 14 days, afatinib was re-
sumed at a lower dose by 10-mg decrements to a mini-
mum of 20 mg/day; otherwise, dosing was permanently
discontinued. If 20 mg/day was intolerable, afatinib
was permanently discontinued. The duration of treat-
ment interruption could be longer than 14 days pro-
vided the patient had sufficiently recovered from the
AE within 14 days.

Outcomes and assessments
Radiographic evaluation was performed every 8 weeks,
and then every 12 weeks after 1 year. Response was
assessed by extramural central review, including by the ex-
ecutive secretariat, according to RECIST version 1.1.
Tumour response was defined as the proportion of patients
with a complete response (CR) or partial response (PR).

Tumour responses were confirmed by reassessment
after 4 weeks.
PFS was defined as the time from registration until

disease progression with first-line treatment, or death.
OS was defined as time from registration until death.
Best tumour response was defined without confirmation.
Objective response was defined as CR or PR. Disease
control was defined as CR, PR, or stable disease. Time to
treatment failure (TTF) was defined as the time from
registration until discontinuation of afatinib treatment,
regardless of reasons such as disease progression, ad-
verse event (AE), and death.
AEs were coded using the Medical Dictionary for

Regulatory Activities (MedDRA) Japanese version 13.1
and graded using the CTCAE version 4.03 [21]. AEs
were monitored throughout the study period, and worst
grade was reported.
EGFR mutation analysis is described in the Additional

Methods.

Statistical considerations
Simon’s 2-stage minimax design was used to determine
sample size. A minimum sample size of 35 patients was
required based on the assumption that an expected
ORR of > 70% would be clinically acceptable efficacy,
and < 45% would be unacceptable (Additional Methods).
These figures were determined based on studies available
at the time the study was planned. Response rate in phase
III trials comparing afatinib with conventional chemother-
apy were 56–67% [12, 13], and 54–74% in elderly patients
treated with first-generation EGFR-TKIs [22–24]. Thus,
the expected response rate was determined to be 70%.
In studies of patients aged ≥70 years receiving con-
ventional cytotoxic chemotherapy, response rate was
23–54% [25–28]. It was therefore determined that a
response rate of 45% would be the lower threshold
response rate.
The safety analysis set (SAS) included all enrolled pa-

tients who received at least one dose of afatinib. The full
analysis set (FAS) comprised all patients in the SAS, ex-
cluding those who had not been evaluated after starting
treatment, and those who did not have an adequately
evaluated lesion. Tumour response was evaluated in the
FAS. Time-to-event data are descriptive and were esti-
mated using Kaplan–Meier methodology (Additional
Methods). The last date of confirmation of survival was
18 October 2019.
The collection, management, and statistical analysis of

patient data was outsourced to an independent organisa-
tion without involvement of the researchers or sponsor.

Role of the funding source
The study was funded by Nippon Boehringer Ingelheim
Co. Ltd. The sponsor had no involvement in the study
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design, collection, analysis or interpretation of data, or
in the decision to submit the article for publication.

Results
Patients
Between 28 January 2016, and 14 September 2017,
38 patients were enrolled and treated in the SAS.
One patient was excluded with no appropriate meas-
urable lesion; thus, the FAS comprised 37 patients
(Additional Fig. 1). Patient follow-up was completed
on 18 October 2019.
In the SAS population, the median age was 77.5 years

(range 75–91), 15 (39.5%) patients were male, and all pa-
tients had an ECOG PS of 0–1 (Table 1). Most comor-
bidities were mild, with the most frequent baseline
comorbidities being hypertension in 19 (50%) patients
and hyperlipidaemia in 15 (39%) patients. Other compli-
cations included diabetes mellitus, thyroid disease, and
chronic obstructive pulmonary disease, in two patients
each. More than one-third of patients (34.2%) had brain
metastases. EGFR Del19 was more common than L858R
mutation. There were no marked differences in baseline
characteristics between the SAS and FAS populations
(Table 1).

Antitumour activity
Tumour response is summarised in Table 2 (Additional
Fig. 2 details individual patient responses for all patients
in the FAS except one patient with progressive disease
due to a new brain metastasis for whom the target lesion
was not evaluated). The ORR was 75.7% (95% confi-
dence interval [CI], 58.8–88.2) and was not markedly
different in patients with EGFR Del19- versus L858R-
positive tumours (72.7% vs 80.0%). The DCR was also
similar between these subgroups (86.4% vs 93.3%).

Table 1 Patient and disease characteristics at baseline in the
safety analysis set and full analysis set

Characteristic Safety analysis set
N = 38

Full analysis set
N = 37

Sex

Male 15 (39.5) 15 (40.5)

Female 23 (60.5) 22 (59.5)

Age, years

Median (range) 77.5 (75–91) 77.0 (75–91)

Weight, kg

Median (range) 50.2 (30.8–72.2) 50.5 (30.8–72.2)

BMI, kg/m2

Median (range) 21.0 (16.5–26.0) 21.2 (16.5–26.0)

Smoking status

Never 26 (68.4) 25 (67.6)

Former/current 12 (31.6) 12 (32.4)

ECOG PS

0 21 (55.3) 20 (54.1)

1 17 (44.7) 17 (45.9)

Histological classification

Adenocarcinoma 38 (100) 37 (100)

Clinical stage at study entry

IIIB 1 (2.6) 1 (2.7)

IV 28 (73.7) 28 (75.7)

Postoperative recurrence 9 (23.7) 8 (21.6)

Comorbidities

Yes 32 (84.2) 31 (83.8)

No 6 (15.8) 6 (16.2)

Metastases at study entry

No distant metastases 4 (10.5) 4 (10.8)

Lung 10 (26.3) 10 (27.0)

Bone 13 (34.2) 13 (35.1)

Post palliative RT 1 (2.6) 1 (2.7)

Brain 13 (34.2) 13 (35.1)

Post palliative SRS 3 (7.9) 3 (8.1)

Liver 4 (10.5) 4 (10.8)

Pleural 11 (28.9) 11 (29.7)

EGFR mutation categories

Del19 23 (60.5) 22 (59.5)

L858R 15 (39.5) 15 (40.5)

Data are n (%) unless otherwise stated
Abbreviations: BMI body mass index, ECOG PS Eastern Cooperative Oncology
Group performance status, EGFR epidermal growth factor receptor, RT
radiotherapy, SRS stereotactic radiosurgery

Table 2 Tumour response

Parameter Full
analysis
set
N = 37

EGFR mutation

Del19
n = 22

L858R
n = 15

Best response, n (%)

CR 2 (5.4) 2 (9.1) 0

PR 26 (70.3) 14 (63.6) 12 (80.0)

SD 5 (13.5) 3 (13.6) 2 (13.3)

PD 2 (5.4) 1 (4.5) 1 (6.7)

NE 2 (5.4) 2 (9.1) 0

ORR, n (%)
(95% CI)

28 (75.7)
(58.8–88.2)

16 (72.7)
(49.8–89.3)

12 (80.0)
(51.9–95.7)

DCR, n (%)
(95% CI)

33 (89.2)
(74.6–97.0)

19 (86.4)
(65.1–97.1)

14 (93.3)
(68.1–99.8)

Abbreviations: CI confidence interval, CR complete response, DCR disease
control rate, EGFR epidermal growth factor receptor, NE not evaluable, ORR
objective response rate, PD progressive disease, PR partial response, SD
stable disease
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Fig. 1 Kaplan–Meier survival analysis in the full analysis set (n = 37). a Progression-free survival (PFS)a. b Overall survival (OS). c Time to treatment
failure (TTF). Abbreviations: CI confidence interval, NR not reached, QOD every other day. aPFS was censored for four patients receiving afatinib
< 20 mg/day. These patients were treated as censored when they fell below the 20mg/day minimum dose specified in the protocol
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The median follow-up period was 838 days (range 73–
1156). Median PFS was 14.2 months (95% CI, 9.5–19.0).
Median OS was 35.2 months (95% CI, 35.2–not
reached), and 1- and 2-year OS rates were 83.8 and
78.3%, respectively. Median TTF was 18.7 months (95%
CI, 10.6–22.5; Fig. 1).
In patients with EGFR Del19- or L858R-positive tu-

mours, median PFS was 18.2 months and 12.9 months,
respectively (Additional Fig. 3). Median OS was not
reached in patients with Del19-positive tumours and was
35.2 months in those with L858R-positive disease; 2-year
OS rates were 77.0 and 80.0%, respectively. The median
TTF was 18.6 months in patients with Del19-positive tu-
mours and 19.2 months in those with L858R-positive
disease.
No significant differences in median PFS (21.4 vs

12.5 months; HR, 1.9; p = 0.14) or OS (not reached
[NR] vs 34.8 months; HR, 0.9; p = 0.9) were observed
between females (n = 15) versus males (n = 22). Simi-
larly, median PFS (14.1 vs 11.0months; HR, 1.3; p = 0.6)
and OS (NR vs 34.8months; HR, 0.9; p = 0.9) were also
similar in non-smokers (n = 25) versus current/former
smokers (n = 12) and patients with ECOG PS of 0 (n = 20)
versus 1 (n = 17) (median PFS: 14.1 vs 11.0 months;
HR, 1.4; p = 0.4; median OS: NR vs 34.8months; HR, 2.2;
p = 0.1). Median PFS (16.9 vs 3.5 months; HR, 0.20;
p = 0.001) and OS (NR vs 10.3months; HR, 0.09; p < 0.001)
were significantly longer in patients who received a
dose modification (n = 29) compared to those who did
not (n = 8).
Patients with no comorbidities (n = 6) had numerically

longer median PFS (16.9 vs 12.7 months; HR 1.8; p = 0.3)
and OS (NR vs 34.8; HR, 1.3; p = 0.8) than did those with
at least one comorbidity (n = 31), however the difference
was not statistically significant.

Treatment exposure and safety
In the SAS, median duration of treatment was 494 days
(range 8–950). Thirty (78.9%) patients required at least
one dose reduction of afatinib (Table 3). Treatment dur-
ation and afatinib dosage in individual patients is sum-
marised in Fig. 2. Twenty-eight patients discontinued
afatinib treatment, mainly due to disease progression
(15 patients). At data cut-off, nine patients remained
on treatment without disease progression, including
the one patient excluded from the FAS, and one patient
treated at < 20mg (Additional Fig. 1).
TRAEs are summarised in Table 4. Grade 3/4 TRAEs

were reported in 28 (73.7%) patients; the most common
were diarrhoea (11 [28.9%]), paronychia (nine [23.7%]),
and rash/acne (six [15.8%]). Thirty (78.9%) patients
had TRAEs leading to afatinib dose reductions, and
28 (73.7%) had TRAEs leading to afatinib treatment
interruptions; the most common reasons for dose

reductions or interruptions were diarrhoea (26 events)
and rash/acne (20 events; Fig. 2). Eight (21.1%) patients
discontinued treatment due to TRAEs; four had pneu-
monitis, two had paronychia, one had rash, and one had
appetite loss and oedema. There were 14 recorded deaths,
none of which was treatment related. Thirteen patients
died due to lung cancer progression and one from debility
due to dementia progression.

Treatment after disease progression
Twelve patients with disease progression continued afa-
tinib beyond progression for > 30 days, and one was still
receiving afatinib at data cut-off. Of the 28 patients who
discontinued afatinib, eight did not receive any further
treatment, while 20 received second-line treatments (osi-
mertinib n = 5, other EGFR-TKIs n = 7, cytotoxic agents
alone n = 5, platinum-doublet chemotherapy n = 2, pem-
brolizumab n = 1). In total, eight patients received osi-
mertinib during the observation period (three in third or
later lines).

Discussion
In this study, we examined elderly patients aged ≥75 years
(median [range] 77.5 [75–91] years); this has been iden-
tified previously as a relevant cut-off when considering
the age at which more effective and tolerable therapies

Table 3 Afatinib exposure and treatment adjustment due to
treatment-related adverse events
Category Safety analysis set

N = 38

Afatinib exposure

Median treatment durationa, days (range) 494 (8–950)

Median treatment daysb, n (range) 492 (8–932)

Mean afatinib dosec, mg 29.7 (10.6–40.0)

Median relative dose intensityd, % (range) 74.2 (26.4–100)

Treatment adjustments, n (%)

Initial treatment dose 40 mg 38 (100)

Dose reduction 30 (78.9)

Final treatment dose

40 mg 8 (21.1)

30 mg 12 (31.6)

20 mg 14 (36.8)

30 mg QOD 1 (2.6)

20 mg QOD 3 (7.9)

Treatment interruption 28 (73.7)

Treatment discontinuation 8 (21.1)

Abbreviation: QOD every other day, TRAE treatment-related adverse events
Data are n (%) unless otherwise stated. In addition to afatinib exposure, data
for dose reductions, treatment interruption and discontinuation due to TRAEs
are shown
aFrom start of treatment to discontinuation or censoring, including days of
treatment interruption
bNot including treatment interruption days
cTotal afatinib dose/treatment duration
d(mean afatinib dose/40) × 100

Minegishi et al. BMC Cancer          (2021) 21:208 Page 6 of 10



compared with chemotherapy are needed [3, 29]. Base-
line patient and disease characteristics were largely
similar to those reported in two previous investiga-
tions of afatinib in Japanese patients aged ≥75 years
(median [range] 79 [75–87] years) [17] and > 70 years
(median [range] 77 [70–85] years) [18], and in a sub-
group analysis of older patients in the LUX-Lung 7
study (median [range] 79 [75–86] years) [3]. However,
the frequency of patients with Del19-positive disease
(61%) was slightly higher than reported in elderly pa-
tients in the other two Japanese studies (20 to 55%)
[17, 18], and in the LUX-Lung 7 subanalysis (37%) [3].
Most patients (84%) in the current study had comorbidi-
ties, the most common being hypertension, and more than
one third (34%) had baseline brain metastases.
The ORR was 75.7%, and the primary endpoint of the

study was met. Clinical activity of afatinib with respect
to response and other efficacy outcomes (PFS and OS)
was encouraging, consistent with other studies in elderly
Japanese patients treated with afatinib in the same set-
ting [17, 18]. Efficacy outcomes were also similar in pa-
tients with EGFR Del19- and L858R-positive tumours, as
reported previously [18].

The safety profile of afatinib was as expected from
EGFR-TKI treatment in elderly Japanese patients [16, 18,
30], and was manageable with dose reductions. Previous
data suggest that Japanese patients are more likely to de-
velop pneumonitis than patients of other nationalities
when treated with EGFR-TKIs [31]. In the current study,
five (13.2%) patients had treatment-related pneumonitis
(one grade 3 and one grade 4), four of whom discontinued
treatment. Similarly, in a previous phase II study of elderly
Japanese patients treated with afatinib, pneumonitis was
reported in four (10%) patients, one of whom had grade 3
pneumonitis and two of whom died whilst on treatment,
suggesting that elderly patients treated with an EGFR-TKI
should be monitored for pneumonitis [18].
The incidence of grade 3/4 TRAEs was 73.7%; this is

considerably higher than the rate seen with afatinib in
LUX-Lung 7 (31%; median age 63 years) [14], suggesting
that patients of older age more often experience severe
adverse events than younger patients with largely
similar ECOG PS (0/1: 54/46% [this study] vs 32/68%
[LUX-Lung 7]). Although grade 3/4 TRAEs occurred
more frequently in this older population, response and
survival outcomes were numerically better in our study

Fig. 2 Treatment duration and afatinib dose in the safety analysis set (n= 38). Abbreviations: AE adverse event, CR complete response, NE not evaluable; OT
other, PD progressive disease, PR partial response; QOD every other day, SD stable disease. aFor Patient 21, protocol treatment was discontinued due to disease
progression; Thereafter, afatinib treatment beyond PD was discontinued due to skin disorders. bPatient 23 had no appropriate measurable lesion and was not
included in the full analysis set
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than in LUX-Lung 7 (median PFS 14.2 vs 11.0months;
median OS 35.2 vs 27.9months; ORR 75.7% vs 70%) [14,
15]. In a non-interventional study involving more than
1600 Japanese patients (median age, 67 years; ECOG PS,
0/1 40/46%), grade 3/4 adverse drug reactions were re-
ported in 36% of patients; however, ORR was much lower
(40%; survival was not reported) [30].
The starting dose of afatinib in the current study was

40mg; however, a previous phase II study in elderly Japa-
nese patients reported acceptable tolerability and encour-
aging antitumour activity with a starting dose of 30mg
afatinib [18]. This raises discussion on whether the afati-
nib starting dose should be lower than 40mg in older Jap-
anese patients, and as low as 20mg in some instances
[18]. Our finding that patients who underwent dose re-
ductions had longer PFS and OS than those who did not
also suggests that a lower dose may be preferable. This lat-
ter finding, however, should be interpreted with caution.
It is likely that survival was shorter in the higher-dose
group because most of this group discontinued treatment
early due to disease progression or adverse events. As a re-
sult of their shorter time on treatment, these patients were

less likely to undergo a dose reduction. Given the high
possibility of bias due to early discontinuation of afatinib,
these data do not necessarily support the use of a reduced
starting dose of afatinib.
While dose reductions due to AEs were more fre-

quent in the current study compared with the previ-
ous phase II study (79% vs 48%), rates of treatment
discontinuation were comparable (21% vs 20%). Post-
hoc analyses of LUX-Lung 3, 6, and 7 showed that
reductions from the afatinib 40 mg starting dose had
no effect on therapeutic efficacy [32–34]. However,
our findings of promising efficacy and manageable
toxicity with afatinib 40 mg may argue against using
a reduced starting dose in elderly Japanese patients
with good performance status. Instead, starting at 40mg
and employing dose reductions may mitigate the
effects of potential interpatient differences in drug
pharmacokinetics/pharmacodynamics, while reducing
the possibility of under treatment at lower afatinib
doses. Further, using a standard dose of afatinib in
elderly individuals with good performance status will
simplify treatment planning and administration, and
reduce the possibility of under-dosing. Use of the
established tolerability-guided dose reduction protocol
allows for rapid and flexible dose adjustments, helping
patients remain on a higher dose for longer.
There is accumulating evidence that TKIs may be more

effective in elderly than in younger patients with EGFR
mutation-positive NSCLC [9, 33]. Moreover, given that
kinase inhibitors usually show milder toxicity than cyto-
toxic chemotherapy, the current Japanese Lung Cancer
Society guideline for stage IV NSCLC recommends (level
1C) the use of any EGFR-TKI for the first-line treatment
of elderly patients with a driver oncogene [8]. In this re-
gard, afatinib may be a suitable choice for elderly patients
with EGFR mutation-positive NSCLC who are receiving
multiple concomitant medications, due to its reported low
potential for drug–drug interactions, and low exposure to
hepatic metabolism and excretion [35].
The interpretation of this analysis should be treated with

caution due to inherent limitations of this type of study, in-
cluding its single-arm design, which precluded randomisa-
tion, and retrospective nature, which meant that patients
were not blinded to treatment. Further, only small numbers
of patients were investigated overall and in each EGFR mu-
tation subgroup. This is particularly true for the subgroup
analyses that investigated the impact of sex, smoking status,
ECOG PS, dose modifications, and comorbidities on sur-
vival. Due to the small numbers of patients in some of these
subgroups, the absolute values should be interpreted with
caution. Perhaps most importantly, ECOG performance
status was 0–1 in all patients, which resulted in a selection
bias in favour of patients who may be likely to have a better
outcome from treatment.

Table 4 Treatment-related adverse events

Adverse event Any grades Grade 1 or 2 Grade 3 or 4

Any 38 (100) 10 (26.3) 28 (73.7)

Diarrhoea 36 (94.7) 25 (65.8) 11 (28.9)

Rash/acnea 30 (78.9) 24 (63.2) 6 (15.8)

Paronychia 26 (68.4) 17 (44.7) 9 (23.7)

Stomatitis 26 (68.4) 21 (55.3) 5 (13.2)

Appetite loss 13 (34.2) 8 (21.1) 5 (13.2)

Vomiting 6 (15.8) 5 (13.2) 1 (2.6)

Pneumonitis 5 (13.2) 3 (7.9) 2 (5.3)b

Fatigue 5 (13.2) 5 (13.2) 0

Nausea 4 (10.5) 4 (10.5) 0

Oedema 4 (10.5) 4 (10.5) 0

Infection 4 (10.5) 3 (7.9) 1 (2.6)

ALT/AST increased 9 (23.7) 8 (21.1) 1 (2.6)

Creatinine increased 8 (21.1) 8 (21.1) 0

Anaemia 8 (21.1) 7 (18.4) 1 (2.6)

Hypoalbuminemia 8 (21.1) 8 (21.1) 0

Thrombocytopenia 6 (15.8) 6 (15.8) 0

Hypokalaemia 6 (15.8) 5 (13.2) 1 (2.6)

Leukocytopenia 4 (10.5) 4 (10.5) 0

Abbreviations: ALT alanine aminotransferase, AST aspartate aminotransferase,
TRAE treatment-related adverse event
Data are n (%) TRAEs in > 10% of patients in the safety analysis set (n = 38)
listed by Medical Dictionary for Regulatory Activities (MedDRA) preferred
terms and grade by Common Terminology Criteria for Adverse Events (CTCAE),
version 4.0
aIncludes papulopustular rash, rash pustular, and rash acneiform
bIncludes one patient with grade 4 pneumonitis
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Conclusions
Although dose adjustments were relatively common in
this small group of Japanese patients aged ≥75 years with
EGFR mutation-positive NSCLC, discontinuation oc-
curred less frequently, and most patients were able to
stay on treatment for well over a year. Further, afatinib
was associated with high response rates and prolonged
PFS and OS. These findings support the use of first-line
afatinib at a starting dose of 40 mg in elderly EGFR
mutation-positive patients with NSCLC.
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