
Abstract. Background/Aim: Promising reports have described
the combination of first-generation epidermal growth factor
receptor tyrosine-kinase inhibitors (EGFR-TKIs) with
carboplatin plus pemetrexed or bevacizumab. However, no
analysis of afatinib with platinum-doublet chemotherapies has
been performed. Patients and Methods: We evaluated the safety
and antitumor efficacy of afatinib combined with carboplatin
and pemetrexed in EGFR-mutated non-small-cell lung cancer
(NSCLC) patients who progressed during first-generation
EGFR-TKIs. Results: Ten patients received 20 or 30 mg/day
afatinib with carboplatin (area under the curve, 5) and
pemetrexed (500 mg/m2). Dose-limiting toxicities included delay
of afatinib ≥14 days, grade 3 diarrhea, grade 3 hypokalemia,
grade 3 serum amylase increase and grade 4 thrombocytopenia.
The recommended dose of afatinib was 20 mg/day in this
combination therapy. Overall response rate was 30% and
median progression-free survival was 13.7 months. Conclusion:
This is the first study to investigate the combination of afatinib,
carboplatin and pemetrexed. At the recommended dose, this
combination was well tolerated and had a good clinical efficacy.

Epidermal growth factor receptor (EGFR) tyrosine-kinase
inhibitors (TKIs) have shown improvements in progression-
free survival (PFS) and response rates compared to platinum-

doublet therapy in EGFR-mutation-positive non-small-cell
lung cancer (NSCLC) (1-6). Despite the excellent efficacy
of EGFR-TKIs in EGFR-mutation-positive NSCLC, almost
all patients experience resistance to EGFR-TKIs. Osimertinib
therapy for relapsed patients with the T790M mutation after
1st and 2nd generation EGFR-TKI (gefitinib, erlotinib and
afatinib) treatments has been established, but no standard
therapies have been developed for NSCLC patients without
T790M after failure of first-line EGFR-TKIs. 

Previous studies reported that even when NSCLC patients
with EGFR mutations showed radiographic disease progression
during EGFR-TKI therapy, NSCLC remained sensitive to
EGFR-TKIs (7). Riely et al. demonstrated that NSCLC showed
significant proliferation after discontinuation of EGFR-TKIs
using positron emission tomography imaging (8). Additionally,
Chaft et al. reported that some patients who had developed
acquired resistance to EGFR-TKI treatments showed rapid
disease progression when EGFR-TKI administration was
stopped (9). These findings indicate that there is a heterogeneous
mixture of TKI-sensitive and TKI-resistant lung cancer cells in
EGFR-mutated patients with disease progression while on
EGFR-TKI therapy. Indeed, continuation of gefitinib beyond
disease progression has shown favorable results (10-12). The
addition of cytotoxic agents to EGFR-TKI therapy in patients
who had benefited from initial EGFR-TKI treatment appears to
be a promising approach because EGFR-TKI inhibits TKI-
sensitive cancer cells and cytotoxic chemotherapy can target
EGFR-TKI-resistant cells.

Afatinib is a second-generation, irreversible EGFR-TKI.
In a phase I/II study, afatinib showed antitumor effects in
EGFR-mutated NSCLC patients previously treated with first-
generation EGFR-TKIs. The results from large randomized
phase II and phase III studies have indicated that afatinib has
better antitumor activities than gefitinib (5, 6, 13). We
previously reported that the combination of gefitinib,
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carboplatin and pemetrexed had promising antitumor effects
for patients with EGFR-mutations in a first-line setting (14).
Our randomized phase III study demonstrated that the
combination of gefitinib, carboplatin and pemetrexed
significantly prolonged overall survival (OS) compared to
gefitinib monotherapy (52.2 months vs. 38.8 months,
p=0.013) (15). These findings indicate that the combination
of afatinib, carboplatin and pemetrexed might improve
clinical outcomes for NSCLC patients with EGFR-mutations
after failure of first-line EGFR-TKI treatment. Furthermore,
afatinib and the combination of carboplatin and pemetrexed
did not share mechanisms of inhibition in lung cancer cells
and did not have similar profiles of adverse events. Also,
there have been no reports describing afatinib combined with
platinum-doublet chemotherapy in lung cancer patients.

Here a phase I study was conducted to evaluate the safety,
tolerability and antitumor efficacy of the combination
treatment of afatinib, carboplatin and pemetrexed in EGFR-
mutated NSCLC patients who showed disease progression
during first-generation EGFR-TKI treatment.

Patients and Methods
Patient selection. Patients were 20-75 years old at the time of
provision of informed consent, had an Eastern Cooperative Oncology
Group Scale of performance status (PS) of 0 to 1, had measurable
disease according to Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1, and had a life expectancy of at least 3 months
(16). Eligible criteria also included a confirmed histological or
cytological diagnosis of non-squamous NSCLC that was treated with
gefitinib or erlotinib as the first-line treatment and then showed
disease progression, common activating EGFR mutations (exon 19
deletion or L858R), either postoperative recurrence or stage IIIB or
IV, and adequate major organ function. Patients who had previously
received afatinib or cytotoxic chemotherapy for advanced disease,
had symptomatic brain metastases and had pulmonary fibrosis or
interstitial-lung disease were excluded. 

All patients provided written informed consent. The study was
conducted in accordance with the Helsinki Declaration of the World
Medical Association. The protocol was approved by the institutional
review board of each participating institution. This trial was
registered at the University Hospital Medical Information Network
Clinical Trial Registry (UMIN 000015582). 

Study design and treatment procedure. This was a multicenter
phase I study across institutions belonging to the North East Japan
Study Group. In a 3+3 dose escalation design, patients were treated
with carboplatin (area under the curve [AUC]=5) and pemetrexed
(500 mg/m2) on day 1 of a 21-day cycle. Afatinib was given on
days 8 to 18 and escalated from 20 to 40 mg/day. After 4 to 6
cycles of the combination treatment of the three-drug regimen, 500
mg/m2 pemetrexed on day 1 and afatinib administration on days 8
to 18 every 21 days were continued for maintenance. 

Patients received folic acid and vitamin B12 at least 7 days before
the start of the first cycle, and these treatments continued to be
administered every day and every 9 weeks, respectively. When
carboplatin and pemetrexed were administered on day 1, the patient
must have been afebrile and have PS 0-2, grade 1 or less neutropenia,

thrombocytes ≥100,000/μl, creatinine ≤1.5 mg/dl, and both aspartate
aminotransferase and alanine aminotransferase ≤3 times the upper
limits of normal. Afatinib administration was delayed in the presence
of toxicities, such as PS ≤3, neutropenia grade ≥3, thrombocytopenia
<75,000/μl, diarrhea grade ≥2 or non-hematological toxicities ≥3.
Prophylactic administration of loperamide was allowed.

Carboplatin and/or pemetrexed dose reductions were performed
in each subsequent cycle in the event of severe toxicities in the
previous cycle, including thrombocytopenia <25,000/μl, febrile
neutropenia, grade ≥2 sensory neuropathy or other grade ≥3 non-
hematological toxicities. A dose reduction comprised a decrease in
carboplatin dosing to an AUC of 4 mg/ml/min and a decrease in
pemetrexed to 400 mg/m2. Subsequent dose increases were not
allowed after a reduction in the chemotherapy dose.

Definition of dose-limiting toxicity (DLT) and maximum-tolerated
dose (MTD). All toxicities were graded using Common Terminology
Criteria for Adverse Events version 4.0. A dose-limiting toxicity
(DLT) was defined as grade 4 thrombocytopenia, grade 4
neutropenia if longer than 7 days, febrile neutropenia, grade 3 or 4
non-hematologic toxicity, diarrhea grade ≥2 for more than 4 days
despite supportive care, nausea and/or vomiting grade ≥2 for ≥7
days, cardiac left ventricular function grade ≥2, delay of next
treatment cycle ≥21 days, and delay of afatinib treatment ≥14 days.

The primary endpoint of this study was to determine the maximum-
tolerated dose (MTD) and recommended dose (RD) of afatinib in
combination with pemetrexed and carboplatin. Cohort expansion to
six patients was required if one DLT was observed in the first three
patients, and dose escalation would be stopped if more than half of the
patients experienced DLTs. The MTD was defined as the lowest dose
at which ≥ three of six patients experienced DLT during the first cycle. 

Antitumor activities. Tumor response was assessed according to
RECIST version 1.1 and classified as complete response (CR),
partial response (PR), stable disease (SD) and progressive disease
(PD) by an extramural review process. PFS was defined as the time
from registration to the date of initial disease progression or death,
whichever occurred first, and PFS data were estimated using
Kaplan–Meier methodology. OS was defined as the time from
registration to death from any cause.

Results
Patient characteristics. Between November 2014 and June
2016, 11 patients were enrolled: 3 patients at dose level 1
(afatinib at 20 mg/day, pemetrexed and carboplatin) and 8
patients at dose level 2 (afatinib at 30 mg/day, pemetrexed and
carboplatin). Because one patient did not receive the protocol
therapy due to severe infection at dose level 2, safety and
efficacy were assessed in 10 total patients (Table I). Tumor
genotyping revealed that 8 patients had exon 19 deletions, and
2 patients had L858R. Seven patients had previously received
gefitinib, and 3 had received erlotinib as the first-line
treatment. All patients had benefitted from prior EGFR-TKIs.

Safety and MTD. All 10 patients experienced an adverse
event (AE) in all treatment courses, with leukocytopenia and
neutropenia being the most frequently reported (Table II).
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Diarrhea occurred in 4 patients at all dose levels, especially
in the first cycle; however, only one patient had grade 3
diarrhea. Because no DLTs were observed in the 3 patients at
dose level 1, escalation to dose level 2 was performed. One
of the first three patients at dose level 2 experienced DLT
with grade 3 diarrhea (Table III), and, therefore, an additional
cohort was treated with the same dose level. One patient of
an additional cohort did not receive afatinib due to grade 3
neutropenia during the first treatment cycle. Because recovery
from neutropenia was delayed, this patient was not given
afatinib in the first cycle. But in subsequent cycle under
leukopenia induced by carboplatin and pemetrexed, the
patient was treated by afatinib without any severe side effects.
The independent data monitoring committee (IDMC) of the
study then decided to remove the administration delay criteria
of afatinib in the presence of neutropenia, which was
approved by each IRB. IDMC also decided to collect a total
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Table I. Demographic and baseline characteristics.

                                                                                      N=10

Age                                                                                    
   Median                                                                       57
   Range                                                                         40-71
Gender                                                                               
   Female                                                                          8
   Male                                                                             2
ECOG performance status                                               
   0                                                                                    6
   1                                                                                    4
Smoking status                                                                  
   Never smoked                                                              7
   Smoker                                                                         3
Stage (UICC ver.7)                                                           
   IV                                                                                 8
   Postoperative                                                               2
Tumor histology                                                               
   Adenocarcinoma                                                        10
EGFR-mutation status                                                      
   19 deletion                                                                   8
   L858R                                                                          2
Prior EGFR-TKIs                                                             
   Gefitinib                                                                       7
   Erlotinib                                                                       3
Best response to prior EGFR-TKIs                                 
   CR                                                                                1
   PR                                                                                 8
   NE                                                                                1
Stating dose of afatinib                                                    
   20 mg/day                                                                    3
   30 mg/day                                                                    7

ECOG: Eastern Cooperative Oncology Group; UICC: the Union for
International Cancer Control's; EGFR-TKI: epidermal growth factor
receptor tyrosine kinase inhibitor; CR: complete response; PR: partial
response; NE: not evaluable.

Table II. Adverse events in all treatment cycles.

Adverse event                                     Afatinib 20 mg    Afatinib 30 mg 
                                                                    (N=3)                     (N=7)

                                                         Grade     Grade     Grade      Grade
                                                             1/2           ≥3           1/2           ≥3

Leukocytopenia                                     1              1             2              4
Neutropenia                                           0              3             1              6
Anemia                                                  2              0             3              0
Thrombocytopenia                                1              0             3              2
Febrile neutropenia                               0              0             0              0
Stomatitis                                               2              0             1              0
Appetite loss                                          2              0             4              0
Nausea/vomiting                                   1              0             2              0
Diarrhea                                                 1              0             3              1
Constipation                                          3              0             3              0
Rash/acne                                              2              0             0              0
Fatigue                                                   2              0             1              0
Blood bilirubin increased                     0              0             1              0
AST/ALT elevation                               1              0             2              1
γ-glutamyl transferase increased          0              0             0              1
Serum amylase increased                     0              0             0              1
Creatinine elevation                              1              0             3              0
Hyperkalemia                                        0              0             1              0
Hyponatremia                                        0              0             1              0
Hypokalemia                                         0              0             0              1
Bronchial infection                               0              0             1              0

AST: Aspartate aminotransferase; ALT: alanine aminotransferase.

Table III. Summary of DLTs.

Afatinib dose 30 mg/day

Grade 3 diarrhea
Delay of afatinib ≥14 days
Grade 3 non-hematological toxicity (hypokalemia)
Grade 3 non-hematological toxicity (serum amylase increased)1
Grade 4 thrombocytopenia1

DLT: Dose limiting toxicity. No DLTs occurred at the dose of 20 mg/day.
1These DLTs were observed in one patient.

Table IV. Best response to treatment.

                                                    All patients (N=10)             At the RD

Complete response                                    1                                   0
Partial response                                         2                                   2
Stable disease                                            7                                   1
Progressive disease                                   0                                   0
Overall response rate                              30%                             67%
Disease control rate                               100%                           100%

RD: Recommended dose.



of 7 patients in level 2. Two of the additional 4 patients
experienced DLTs with grade 4 thrombocytopenia, grade 3
hypokalemia and grade 3 serum amylase increase. Three out
of the 6 patients excluding the above patient experienced
DLTs. Even in an intent-to-treat population, 4 out of 7
patients at level 2 developed DLTs. Thus, we determined that
dose level 2 was the MTD, and dose level 1 with no DLTs
was recommended for phase II trials. Median dose intensity,
which was the actual dose delivered as a proportion of the
planned dose, was 88% at level 1 and 73% at level 2.

Antitumor activities. The median number of cycles
administered was 5 (range=1-19 cycles). The best confirmed
response was CR in one patient, PR in 2 patients and SD in
7 patients of the 10 patients evaluable for radiographic
response (Table IV). Notably, the disease-control rate
(DCR=CR+PR+SD) was 100%, and no patients showed PD.
Tumor shrinkages were observed in all patients except one,
and as of September 2017, response was still ongoing in one
patient (Figure 1). At the cut-off date for data collection, the
median follow-up time was 22.5 months (range=11-30
months). The median PFS was 13.7 months (95% confidence
interval=4-18.2), and 1-year survival was 100% (Figure 2).
Of the 10 patients, only 2 patients died before data cutoff.

Discussion

The promising antitumor efficacies of the combination of
gefitinib, carboplatin and pemetrexed have been described in
EGFR-mutated NSCLC patients (14). In addition, our
randomized phase III study demonstrated that the combination

of gefitinib, carboplatin and pemetrexed significantly
prolonged OS compared to gefitinib monotherapy (52.2 months
vs. 38.8 months, p=0.013) (15). This study investigated the
safety and efficacy of the combination of afatinib, carboplatin
and pemetrexed in EGFR-mutated NSCLC patients who
received first-generation EGFR-TKIs and showed disease
progression. Although AEs frequently observed in afatinib
treatment do not overlap with AEs observed in the combination
of carboplatin and pemetrexed, we expected that
gastrointestinal toxicities, especially appetite loss, nausea and
vomiting, would be enhanced by co-administration of afatinib,
carboplatin and pemetrexed. Gastrointestinal toxicities are
predominantly observed in the 7 days after the start of
platinum-doublet therapy. In addition, the half-life of afatinib
was 34 to 40 h in Japanese patients. To avoid the enhancement
of gastrointestinal toxicities by the combination of afatinib,
carboplatin and pemetrexed, we administered afatinib on days
8 to 18. In this combination therapy, the most common
treatment-related AEs included neutropenia, thrombocytopenia,
appetite loss and diarrhea. These events were manageable with
standard supportive therapies. The MTD of afatinib in this
combination was 30 mg/day. Thus, 20 mg/day afatinib (on days
8 to 18) with carboplatin (AUC=5) and pemetrexed (500
mg/m2) was determined as the RD for a phase II trial. 

Post hoc analyses of the randomized studies revealed that
dose reduction occurred in 53.3% and 28% of patients in the
LUX-Lung 3 and 6 trials respectively (17). Subgroup analysis
of LUX-Lung 3 showed that Japanese patients were more
likely to have an AE leading to dose reduction. Indeed, 23 out
of 54 Japanese patients needed a dose reduction to 20 mg/day
in LUX-Lung 3 (18). Importantly, these studies showed that
the dose reduction of afatinib did not decrease the antitumor
effects of afatinib (17, 18). In the current study, 30 mg/day
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Figure 2. Kaplan−Meier analysis of progression-free survival.

Figure 1. Waterfall plot of the best percentage change of individual
patients by the doses of afatinib. *The tumor response was ongoing at
the data cutoff in the patient.



afatinib combined with carboplatin and pemetrexed was not
tolerated, and the RD of afatinib was determined to be 20
mg/day. Although no conclusions can be drawn from this
phase I trial, the available data suggested that this combination
therapy had good antitumor effects. Long PFS and OS were
observed, and all patients except one showed a decrease in
tumor size. Similar to the previous findings, good clinical
responses were observed at these dose levels in our study.

A randomized phase III trial demonstrated that osimertinib
had greater antitumor effects than platinum-doublet therapy in
NSCLC patients with the EGFR T790M mutation after failure
of first-line EGFR-TKIs (19). In clinical practice, platinum-
doublet treatment with/without bevacizumab is administered to
patients without the T790M mutation; however, prognosis of
these patients is poor, and new treatment strategies are needed.
Continuation of gefitinib with the combination of cisplatin and
pemetrexed was investigated in patients with EGFR-mutations
after the failure of gefitinib (20). Although this combination
therapy failed to improve the overall survival, subgroup
analyses demonstrated a longer PFS in patients without the
T790M mutation (21). Afatinib previously showed some
antitumor effects in NSCLC patients who progressed during
prior gefitinib and/or erlotinib treatment (22). This study
included both EGFR T790M positive and negative patients.
These findings might possibly explain the high DCR and long
PFS of the combination of afatinib, carboplatin and pemetrexed
in the current study. We did not examine the EGFR T790M
mutation status because tests for T790M were not covered by
the national health insurance in Japan when patients were
enrolled. Future studies are necessary to clarify the relationship
between the T790M status and the antitumor effects of the
combination of afatinib, carboplatin and pemetrexed after
failure of first-line EGFR-TKI treatment.

Conclusion

This phase I study established the safety and tolerability of
the combination of afatinib, carboplatin and pemetrexed with
promising clinical efficacy. To the best of our knowledge,
this is the first study to assess afatinib combined with
platinum-doublet chemotherapy. Further evaluation of this
combination therapy in EGFR-mutated NSCLC patients after
failure of first-line EGFR-TKIs, especially in patients
without the EGFR T790M mutation, is warranted.
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