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Background: Maintenance therapy with full-dose erlotinib for patients with advanced non-small cell 
lung cancer (NSCLC) has demonstrated a significant overall survival (OS) benefit. However, 150 mg/day 
of erlotinib seems too toxic as maintenance therapy. This study aimed to evaluate the efficacy and safety of 
low-dose erlotinib (25 mg/day) as maintenance treatment after platinum doublet chemotherapy in NSCLC 
harboring epidermal growth factor receptor (EGFR) mutation.
Methods: Activated EGFR-mutation-positive NSCLC patients who did not progress after first-line 
platinum-doublet chemotherapy, ≥20 and ≤85 years old, with performance status (PS) 0–3 were included in 
this study. Low-dose erlotinib (25 mg/day) was administered until disease progression. The primary endpoint 
was overall response rate (ORR). Secondary endpoints included progression-free survival (PFS), OS, and 
safety. The required sample size was 40 patients.
Results: The study was stopped early, after achieving only 28% of planned enrollment, due to poor 
accrual. Between April 2011 and May 2014, 11 patients (male/female, 5/6; median age, 72 years; PS 0/1, 8/3; 
stage IV/relapse after surgery, 9/2; exon 19 deletions/L858R, 7/4) were enrolled and accessible in this study. 
Partial response (PR) was observed in 6 patients (56%). Median PFS was 14.9 months [95% confidence 
interval (CI), 2.7–27.1 months] and median OS was not calculable. Toxicities were generally mild. Only 
one patient developed grade 3 aspartate aminotransferase (AST)/alanine aminotransferase (ALT) elevation. 
Eight patients developed grade 1 skin rash. No treatment-related deaths were observed. Eight patients 
progressed, and recurrences included brain metastases (n=3), local recurrence (n=2), local recurrence plus 
brain metastasis (n=1), bone metastasis (n=1), and pulmonary metastasis (n=1).
Conclusions: The study was stopped early due to poor accrual. However, our study suggests that 
maintenance therapy with low-dose erlotinib might be useful and tolerable in selected NSCLC patients 
harboring EGFR mutation.
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Introduction 

Epidermal growth factor receptor (EGFR)-tyrosine kinase 
inhibitors (TKIs) have been shown to improve progression-
free survival (PFS) compared with chemotherapy when 
given as first-line treatment for patients with non-small cell 
lung cancer (NSCLC) with activated EGFR mutation (1,2). 
However, about 1 week is needed to confirm the existence 
of EGFR mutation in most hospitals in Japan. Therefore, 
some situations arise in which cytotoxic drugs are used as 
first-line therapy.

In Japan, three types of EGFR-TKI are currently 
available. Gefitinib was approved first, and the approved 
dose was 250 mg/day, approximately one-third of the 
maximum tolerated dose, because two randomized trials 
showed similar efficacy between 250 and 500 mg of  
gefitinib (3). Erlotinib was the second EGFR-TKI 
approved, with a dose the same as the maximum tolerated 
dose of 150 mg/day based on the OSI-774 phase I study (4).  
However, those data were determined based on EGFR 
mutation-negative patients.

On the other hand, erlotinib as a maintenance drug after 
first-line chemotherapy also demonstrated significantly 
prolonged PFS and overall survival (OS) in the overall 
population of a study of patients with advanced NSCLC 
(5,6). However, considering that serious treatment-
related adverse events were reported in 12% of patients 
from the erlotinib group, 150 mg/day of erlotinib might 
be excessive for EGFR-mutated lung adenocarcinoma, 
especially in a maintenance setting (5). Some reports have 
shown favorable effects of low-dose (i.e., 25 or 50 mg/day)  
erlotinib (7-9). Based on such evidence, we initiated 
a prospective, multicenter phase II trial of low-dose 
erlotinib as maintenance treatment after platinum doublet 
chemotherapy in advanced NSCLC harboring EGFR 
mutation.

Methods

Study design and patients

This multicenter phase II trial was conducted to evaluate 
the efficacy and safety of low-dose erlotinib as maintenance 
treatment after platinum doublet chemotherapy in advanced 
NSCLC harboring EGFR mutations.

Patients with histologically or cytologically confirmed, 
stage IV or postoperative recurrent NSCLC harboring 
EGFR mutation, aged ≥20 and ≤85 years were enrolled 
in this study. EGFR mutation status was assessed by SRL 

Inc. (Tokyo, Japan) or BML Inc. (Tokyo, Japan) using 
the Cycleave PCR method or PCR invader method, 
respectively. Furthermore, other inclusion criteria were: 
no prior EGFR-TKI therapy; Eastern Cooperative 
Oncology Group (ECOG) performance status (PS) 0–3; 
and absence of active interstitial lung disease. All patients 
had to have received at least one prior platinum-based 
chemotherapy regimen without disease progression. 
Patients had to have retained sufficient deglutition function 
to take oral medicine. Patients had to have adequate liver 
[serum bilirubin ≤ upper normal limit (UNL); aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT) ≤2 UNL in the absence of demonstrable liver 
metastases; or 3 UNL in the presence of liver metastases], 
renal (serum creatinine ≤1.5 times UNL) and bone marrow 
(white blood cells ≥3×109 L−1 and platelets ≥100×109 L−1) 
function. Previous radiotherapy for the treatment of bone 
metastases or brain metastases was allowed, provided that 
the measurable lesions were outside the radiation fields. 

The study protocol was approved by the ethics review 
board at each participating site and conducted in accordance 
with Good Clinical Practice guidelines and the Declaration 
of Helsinki. All patients provided written informed consent 
before undergoing any study procedure. 

Patient evaluation

Baseline assessment comprised of a complete medical 
history, physical examination, evaluation of PS, complete 
blood cell count and blood chemistry, chest X-rays, 
computed tomography (CT) of the chest, abdomen, pelvis, 
magnetic resonance imaging (MRI) of the brain and a 
whole-body radionuclide bone scan. Tumor assessment 
was performed using CT, MRI, and bone scan at baseline, 
and at least every 2 months until disease progression was 
confirmed. Tumor response was evaluated according to the 
Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1. All patients underwent follow-up assessments 
and monitoring every week within the first 2 weeks, and at 
least every month after 4 weeks. 

Treatment

Patients received 25 mg of erlotinib once a day until the 
occurrence of progressive disease (PD) or unacceptable 
toxicity. Patients with PD continued at an increased dose of 
150 mg/day.
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Statistical analysis

The primary endpoint of this study was the objective 
response rate (ORR) at 25 mg/day of erlotinib as 
determined by RECIST version 1.1 (10). Secondary end-
points were OS, PFS, disease control rate (DCR) and safety 
during the entire study period. PFS was defined as the 
period from enrolment until the date of confirmation of PD 
or the date of death from any cause, whichever was earlier. 
OS was defined as the period from enrolment until death 
due to any cause. 

All patients who were eligible and received at least  
1 dose of 25 mg of erlotinib were included in the safety and 
efficacy analysis. For ORR, we calculated the proportion of 

patients and 95% exact confidence intervals (CIs). Survival 
rates for PFS and OS were estimated by the Kaplan-Meier 
method. Forty patients were needed to reject a null ORR of 
50% at a significance level of 5% and power of 80% with an 
expected ORR of 70%. This threshold was based on a prior 
study in which the ORR of erlotinib in patients with EGFR 
mutation was 70.6% (11).

Thi s  s tudy  i s  r eg i s t e red  w i th  the  Univer s i t y 
Hospital Medical Information Network in Japan (No. 
UMIN000005468). UMIN000005468 as efficacy of low-
dose erlotinib as maintenance therapy in patients of lung 
adenocarcinoma with EGFR mutation (http://www.umin.
ac.jp/ctr/).

Results

Patient characteristics

This study was stopped early, after completion of only 
28% of planned enrollment, due to poor accrual. A total 
of 11 patients were enrolled into the study between April 
2011 and April 2014 at two institutes in Japan, and efficacy 
and safety were evaluated among all of them. Patient 
characteristics are presented in Table 1. 

Response to treatment

No patient achieved complete response (CR), while 6 
(55.5%) achieved partial response (PR) and 4 (36.4%) 
showed stable disease (SD), with a DCR of 90.9% (Table 2). 

At the point of data cutoff (April 2016), 9 of the  
11 patients had shown PD. Median PFS was 14.9 months 
(95% CI, 5.2–24.6 months) (Figure 1) and a median OS was 
not calculable. The recurrence included brain metastases 

Table 1 Patient characteristics

Characteristics Data (n=11)

Age, median [range] (years) 72 [55–77]

Sex [%]

Male 5 [45]

Female 6 [55]

ECOG performance status [%]

0 8 [73]

1 3 [27]

Histology: adenocarcinoma [%] 11 [100]

Stage [%]

IV 9 [82]

Recurrence 2 [18]

Smoking status [%]

Smoker (current/former) 6 [55]

No-smoker (never) 5 [45]

EGFR mutation type [%]

Exon 19 7 [64]

Exon 21 4 [36]

Prior chemotherapeutic regimen [%]

CDDP + PEM 2 [18]

CBDCA + PEM 4 [36]

CBDCA + PEM + Bev 5 [45]

ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal 
growth factor receptor; CDDP, cisplatin; PEM, pemetrexed; 
CBDCA, carboplatin; Bev, bevacizumab.

Table 2 Anti-tumor effect

Anti-tumor effect Data (n=11)

Complete response (CR) [%] 0 [0]

Partial response (PR) [%] 6 [55]

Stable disease (SD) [%] 4 [36]

Progressive disease (PD) [%] 1 [9]

Objective response rate (ORR) (95% CI) 55.5% (25.1–83.9)

Disease control rate (DCR) (95% CI) 90.9% (74.2–100.0)

CI, confidence interval.
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(n=3), local (n=2), pulmonary metastasis (n=2), local plus 
brain metastasis (n=1) and bone metastasis (n=1) (Table 3). 

Safety and toxicity

Toxicity was assessed in all patients (Table 4). One patient 
was forced to interrupt treatment because of adverse events 
(grade 3 increases in AST and ALT). 

The most frequent toxicity was skin disorder, which was 
generally very mild. Eight patients developed grade 1 skin 
rash. Diarrhea was observed in one patient, but was grade 1.  
Other toxicities were also very mild and no interstitial 
lung disease was observed. No treatment-related deaths 
occurred.

Discussion

This represents the first prospective study to investigate 
the efficacy and safety of low-dose erlotinib (25 mg/day)  
as  maintenance treatment after platinum doublet 

chemotherapy in NSCLC harboring EGFR mutation. The 
purpose of this study was to evaluate the efficacy of lower-
dose erlotinib, because the full dose seems too toxic in some 
patients, especially in a maintenance setting. This study used 
ORR as the primary end point. If PD had been observed 
with 25 mg of erlotinib, therapy could have been continued 
at an increased dose of 150 mg/day until next PD was 
observed. Because of changes to the guidelines, including 
the increasing priority of EGFR-TKIs, accrual to this 
study was slow and the Data and Safety Monitoring Board 
recommended discontinuing this study after achieving only 
28% of planned enrollments. The response rate for this 
treatment was 56%, quite similar to that with erlotinib at  
50 mg/day for advanced EGFR-mutated NSCLC patients 
with a history of 1–3 prior chemotherapies (9). Our trial 
showed a PFS of 14.9 months, comparable to 44.6 weeks 
in EGFR-mutated patients on maintenance therapy with  
150 mg/day of erlotinib in the SATURN trial (12). Good 
PFS seemed to result from a selection bias that patients in 
this study responded to the front-line treatment to some 
extent. However, low-dose erlotinib has the possibility of 
achieving efficacy in at least some EGFR-mutated NSCLC 
patients.

Regarding the effects of EGFR-TKIs, the cerebrospinal 
fluid concentration and penetration rate of erlotinib were 
significantly higher than those of gefitinib in the previous 
study (13). The frequency of recurrent brain metastasis was 
considered to be lower in patients treated with erlotinib 
than in those treated with gefitinib. Another study also 
found that patients with PD after gefitinib treatment could 
be successfully controlled by changing to standard-dose 

Figure 1 Progression-free survival.
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Table 3 Recurrence site

Recurrence site Data (n=8)

Brain (%) 3 [38]

Primary lesion (%) 2 [25]

Bone (%) 1 [13]

Lung (%) 1 [13]

Primary lesion and brain (%) 1 [13]

Table 4 Treatment-related toxicities

Treatment-related 
toxicities

Grade 1  
[%]

Grade 2  
[%]

Grade 3  
[%]

Total  
[%]

Rash/acneiform 8 [73] 0 [0] 0 [0] 8 [73]

Anorexia 1 [9] 1 [9] 0 [0] 2 [18]

Constipation 1 [9] 1 [9] 0 [0] 2 [18]

Increased AST 0 [0] 0 [0] 1 [9] 1 [9]

Increased ALT 0 [0] 0 [0] 1 [9] 1 [9]

Gastroesophageal 
reflux disease

0 [0] 1 [9] 0 [0] 1 [9]

Diarrhea 1 [9] 0 [0] 0 [0] 1 [9]

AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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erlotinib (14). In contrast, the recurrence site most often 
seen after administration of low-dose erlotinib was the 
brain in our study. This was attributed to the decreased 
concentration of erlotinib, as with gefitinib therapy. In 
our trial, brain metastases were evaluated strictly using 
MRI and small metastases not demonstrable on CT could 
be detected. This might be another reason for increased 
rates of brain metastasis. For those who developed 
brain metastases, disease control was obtained with dose 
escalation of erlotinib in our study. Recently, third-
generation EGFR-TKIs that can control brain metastases 
much better than other EGFR-TKIs have become available 
(15,16). This offers a reliable treatment option for patients 
who develop resistance against erlotinib with T790M. 
However, physicians should be careful in the treatment 
of patients with uncontrolled brain metastasis to avoid 
worsening the disease.

On the other hand, adverse events were generally very 
mild. In particular, skin rash was less than grade 2 in all 
patients. No patients discontinued this treatment because of 
erlotinib-induced toxicities, except for a short interruption 
due to grade 3 elevations in ALT and AST. Skin conditions 
of cancer patients, such as rash and paronychia, affect 
quality of life in daily life, particularly for female patients, 
so this treatment might be very attractive for them.

Maintenance therapy with erlotinib for patients 
harboring EGFR mutation usually continues more than 
10 months, so the cost of treatment for patients could 
represent a serious problem (12). Enormous medical costs 
have been becoming an increasingly serious issue in Japan. 
From the perspective of the financial burdens of medical 
care, low-dose erlotinib treatment could decrease the 
expense while achieving almost the same efficacy with fewer 
adverse events in some patients. 

Our study has several limitations. First, this study was 
stopped after achieving only 28% of planned enrollments 
without evaluation of the primary end point. Recent 
guidelines have recommended EGFR-TKIs as front-
line therapy for patients with NSCLC harboring EGFR 
mutations. The opportunity to use cytotoxic agents in 
front-line therapy is thus decreasing. However, maintenance 
therapy with low-dose erlotinib might be feasibly adapted 
as a kind of maintenance continuation if first response to 
full-dose EGFR-TKI is obtained and disease symptoms 
disappear.

Second, presence of EGFR-mutation at the recurrence 
site was not confirmed in patients with postoperative 
recurrence. PFS of the two patients with recurrence was 

comparably short. The possibility must be considered that 
the EGFR mutation was no longer present in some cases. 

In conclusion, this study was not able to demonstrate 
the primary end-point because of early study closure due 
to poor accrual, but maintenance therapy with low-dose 
erlotinib may offer an effective and useful option in selected 
NSCLC patients harboring EGFR mutation. 
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