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Abstract 

Background: Conquering acquired resistance to osimertinib remains a major challenge in treating patients with 
epidermal growth factor receptor (EGFR) mutation-positive non-small-cell lung cancer (NSCLC). Thus, we aimed to 
determine the safety and efficacy of combination treatment with osimertinib and afatinib for patients with acquired 
resistance to osimertinib.

Methods: This open-label phase I study was a feasibility study of the combination of afatinib and osimertinib for 
patients with advanced EGFR-positive NSCLC who had progressive disease after receiving osimertinib. The primary 
endpoint was to determine the maximum tolerated dose (MTD). We enrolled patients who received afatinib at three 
different dose levels (level 1, 20 mg; level 2, 30 mg; level 3, 40 mg) combined with osimertinib at a standard dose of 
80 mg once per day.

Results: Thirteen patients were enrolled in this study. The MTD was defined as 30 mg afatinib when combined with 
daily oral administration of osimertinib (80 mg). The most frequent adverse events were diarrhea (76.9%), anemia 
(76.9%), and rash (69.2%). Considering the toxicity profiles during all treatment periods, the recommended oral dose 
of afatinib was determined as 20 mg daily, with an osimertinib dose of 80 mg. For all evaluable patients (n = 12), the 
response rate was 7.7% and the disease-control rate was 46.2%.

Conclusion: Combination therapy with osimertinib and afatinib was tolerable; however, the synergistic effect of 
afatinib with osimertinib may be limited in osimertinib-resistant patients.

Trial registration: Japan Registry of Clinical Trials ID: jRCTs051180008, registered date: 08/11/2018.

Keywords: Adverse event, Epidermal growth factor receptor, Maximum tolerated dose, Resistance mechanism, 
Synergistic effect

Introduction
Molecularly targeted therapies have emerged as essen-
tial treatment modalities for non-small cell lung cancer 
(NSCLC). Somatic mutations in the epidermal growth 
factor receptor (EGFR) tyrosine kinase domain have been 
reported as definitive biomarkers for predicting the effi-
cacy of EGFR-tyrosine kinase inhibitors (EGFR-TKIs) 
[1]. EGFR-TKI is the standard initial treatment option 
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for patients with active EGFR mutations. Notably, in the 
FLAURA trial, osimertinib demonstrated superior effi-
cacy to gefitinib or erlotinib for the initial treatment of 
patients with NSCLC [2]. Acquired resistance to initial 
osimertinib therapy remains the primary challenge for 
treating patients with EGFR mutation-positive NSCLC.

The mechanisms underlying osimertinib resistance 
can be divided into EGFR-dependent and -independent 
mechanisms [3]. The EGFR-independent mechanisms 
include activating alternative bypass-signaling pathways 
(such as in MET proto-oncogene receptor tyrosine kinase 
[MET] and HER2), oncogene fusions, or histologic trans-
formations. Combination therapy with driver-matched 
inhibitors (e.g., osimertinib plus MET inhibitors for 
MET amplification) has been investigated as an alterna-
tive treatment for patients with bypass-signaling resist-
ance mechanisms [4]. The EGFR-dependent mechanisms 
involve various mutations. The secondary EGFR C797S 
mutation has been characterized as the most frequent 
resistance mutation in EGFR-dependent mechanisms, 
accounting for 10–26% of patients in the second-line 
population or 7% in the first-line population [5].

Interestingly, preclinical data suggest that treatment 
with a combination of osimertinib and first/second-gen-
eration EGFR-TKIs can overcome the acquired C797S 
mutation [6]. Based on these preclinical data, concur-
rent EGFR-TKI therapy has been investigated to over-
come this resistance mechanism (NCT03 122717, NCT03 
810807, and NCT03 944772). Other co-existing EGFR 
mutations are potentially sensitive to second-generation 
EGFR-TKIs, especially afatinib [7]. Afatinib, an irrevers-
ible EGFR-TKI, shows broad-range antitumor activity 
against EGFR mutations including the uncommon ones 
[8] [9]. Therefore, we considered that adding afatinib 
to osimertinib might help overcome EGFR-dependent 
osimertinib resistance, including the secondary C797S 
mutation and other co-existing EGFR mutations. Based 
on this rationale, we conducted a phase I trial to inves-
tigate the safety and efficacy of osimertinib and afatinib 
combination therapy in patients with acquired resistance 
to osimertinib.

Patients and methods
Study design
This was an open-label, multicenter, dose-finding, phase 
I study, with a standard 3 plus 3 dose-escalation design. 
Participating institutions include four university hospitals 
and Cancer centers in Japan. This study was conducted 
in accordance with the principles of the Declaration of 
Helsinki. All patients provided written informed con-
sent before enrolment in the study. The study protocol 
was approved by the Certified Review Board of Wakay-
ama Medical University. This study was registered on the 

clinical trials site of the Japan Registry of Clinical Trials 
(jRCTs051180008, registered date: 08/11/2018).

Patients
The eligibility criteria were as follows: age ≥ 20 years 
and histologically or cytologically confirmed advanced 
NSCLC with EGFR mutations; an Eastern Coopera-
tive Oncology Group performance status (ECOG-PS) 
of 0 or 1; acquired resistance to osimertinib; patients 
who could be treated with 80 mg osimertinib without 
dose reduction; having at least one or more measurable 
lesion according to Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1; and provision of written 
informed consent for study participation.

The key exclusion criteria were as follows: unresolved 
adverse events from previous treatment; a medical his-
tory of interstitial lung disease (ILD), drug-induced lung 
disease, symptomatic brain metastasis, or leptomeningi-
tis; bone metastasis to be treated by surgery or radiation 
therapy; histologically confirmed small cell carcinoma 
transformation as a resistance mechanism; uncontrolla-
ble pleural, peritoneal, or pericardial effusion; and prior 
thoracic radiotherapy within the preceding 2 weeks.

Study objectives and plan
The primary endpoint was the maximum tolerated dose 
(MTD) based on dose-limiting toxicities (DLTs) recorded 
over 28 days. DLTs were defined as any of the following 
adverse events despite adequate management: persistent 
Grade 4 neutropenia or thrombocytopenia lasting 4 days; 
Grade ≥ 3 febrile neutropenia; Grade ≥ 3 diarrhea; persis-
tent Grade 2 diarrhea lasting 4 days; Grade ≥ 3 rash and/
or paronychia; Grade ≥ 3 mucositis; persistent Grade 2 
mucositis lasting 7 days; persistent Grade ≥ 2 nausea last-
ing 4 days; and Grade ≥ 2 interstitial pneumonitis.

This open-label phase I study was planned as a standard 
3 + 3 dose-escalation study. The enrolled patients were 
treated with afatinib at three different doses in combina-
tion with osimertinib at a standard dose of 80 mg once 
per day. The starting dose of afatinib was 20 mg once per 
day, with planned dose escalation at the subsequent dose 
levels of 30 and 40 mg once per day. The MTD was the 
highest dose level at which < 33% of the patients experi-
enced DLTs during 28 days (the observation period). If 
one or two out of three patients experienced DLTs, then 
three more patients were treated with the same dose. If 
no more than two patients experienced DLTs among six 
patients, then the dose was escalated to the next level. 
The secondary endpoints included the overall response 
rate (ORR), survival outcomes, and biomarker analysis 
using liquid biopsy.

https://clinicaltrials.gov/ct2/show/NCT03122717
https://clinicaltrials.gov/ct2/show/NCT03810807
https://clinicaltrials.gov/ct2/show/NCT03810807
https://www.clinicaltrials.gov/ct2/show/NCT03944772
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Safety and efficacy assessment
Treatment-related toxicities were assessed according to 
the Common Terminology Criteria for Adverse Events, 
version 4.0. The MTD was determined based on toxic-
ity during the observation period. After the observation 
period, the overall toxicity profiles were also considered 
to determine the MTD and recommended dose (RD). 
Tumor response and progression-free survival (PFS) 
were assessed using RECIST version 1.1 as secondary 
endpoints. Overall survival times were also assessed. 
The osimertinib-free interval was defined as the period 
between the termination of prior osimertinib therapy 
and enrollment in this study.

Cell‑free DNA (cfDNA) analysis using plasma sampling
Peripheral blood samples were collected from patients 
into K2 EDTA vacutainers (Becton Dickinson, Frank-
lin Lakes, NJ, USA) before administering the combi-
nation therapy. Plasma was isolated immediately after 
drawing blood and stored at − 80 °C until use. Subse-
quently, cfDNA was extracted from the plasma sam-
ples and used for next-generation sequencing (NGS) 
library construction with the AVENIO ctDNA Surveil-
lance Kit (Roche Diagnostics, Basel, Switzerland) to 
assess genetic alterations in 197 cancer-related genes. 
Sequencing was performed using the NextSeq 500 
System (Illumina, San Diego, CA, USA), followed by 
mutation analyses using the Avenio Oncology Analysis 
Server (Roche Diagnostics).

Results
Patient characteristics
From March 2018 to September 2019, 13 patients were 
enrolled from four participating institutions in Japan. 
Table  1 shows the background information of the 13 
eligible patients. Six patients were enrolled in the level 
1 cohort, whereas seven patients were in the level 2 
cohort. The mean age of the patients was 67 years. Nine 
patients (69.2%) were females and six patients (46.2%) 
were non-smokers. Three patients had recurrent post-
operative disease. All patients had an ECOG-PS of 0 or 
1 and had adenocarcinoma histology. We detected exon 
19 deletions, exon 19 deletions plus T790M, L858R, 
L858R plus T790M, and an uncommon EGFR muta-
tion in four, two, four, two, and one patients, respec-
tively. All of these patients had been treated with 80 mg 
osimertinib monotherapy without dose reduction. 
Seven patients (53.8%) were treated with platinum-
based chemotherapy before enrollment in this study. 
Two patients (15.4%) were enrolled in this study after 
receiving first-line osimertinib therapy. The details of 

the patients’ treatment histories before enrollment are 
summarized in Additional file 1.

MTD and toxicity analysis
The DLTs during the observation period at each dose are 
summarized in Table 2. Six patients were enrolled in the 
dose-level 1 cohort. One patient in this cohort experi-
enced DLT; Grade 3 diarrhea with Grade 2 dehydration 
was observed in a 77-year-old woman (patient num-
ber 2). Seven patients were enrolled in the dose-level 2 
cohort. One patient could not be evaluated because 
of disease progression during the observation period 
(patient number 10). Two patients experienced DLTs 
during the observation period in this cohort. Grade 3 
diarrhea was observed in a 76-year-old woman (patient 
number 13). Persistent grade 2 nausea and vomiting last-
ing 4 days was observed in a 75-year-old woman (patient 
number 8). Thus, the frequency of DLTs during the 
observation period was 33.3% in the dose-level 2 cohort. 
We also evaluated the MTD after the observation peri-
ods. Two more patients experienced intolerable toxicity 
after the observation period. Based on these toxicity pro-
files, the MTD was defined as 30 mg afatinib, and the RD 
was defined as 20 mg afatinib with 80 mg osimertinib.

Adverse events
The toxicity profiles for the entire study period are sum-
marized in Table  3. Frequent adverse events (≥25%) 

Table 1 Patient characteristics

n (%)

Age, years Median 67

Range 50–76

Sex, n (%) Male 4 (30.8)

Female 9 (69.2)

Smoking status Never 6 (46.2)

Current/former 7 (53.8)

ECOG-PS, n (%) 0 5 (38.5)

1 8 (61.5)

Histology, n (%) Adenocarcinoma 13 (100)

Clinical stage, n (%) IVA 4 (30.8)

IVB 6 (46.2)

Recurrence 3 (23.0)

EGFR mutation, n (%) Exon 19 deletion 4 (30.8)

+ T790M 2 (15.4)

Exon 21 L858R 4 (30.8)

+ T790M 2 (15.4)

G719C + S768I 1 (7.7)

Treatment lines, n (%) 2nd line 2 (15.4)

3rd line 5 (38.5)

≥ 4th line 6 (46.2)
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included anemia (76.9%), diarrhea (76.9%), skin rash 
(69.2%), anorexia (38.5%), and oral mucositis (38.5%). The 
main Grade 3 toxicities were diarrhea (15.4%), hypona-
tremia (15.4%), anorexia (7.7%), skin rash (7.7%), and 
fatigue (7.7%). All adverse events were resolved after 
temporal discontinuation or dose reduction. No cases of 
ILD or treatment-related death occurred.

Efficacy
Among the 13 patients enrolled in this study, one 
patient showed a partial response (PR) and 5 patients 

showed stable disease (SD) with an ORR of 7.7% (95% 
confidence interval [CI]: 0.2–36.0%) and a disease-con-
trol rate of 46.2% (95% CI: 19.2–74.9%) (Fig.  1a). The 
patients who achieved a PR were treated with dose level 
2. The median PFS was 2.4 months (95% CI: 1.4 to not 
reached), and 3- and 6-month PFS rates were 30.8 and 
7.7%, respectively (Fig. 1b). The median overall survival 
time was 25.4 months (95% CI: 4.6 to not reached).

Table 2 Dose-escalation level schema and details of dose-limiting toxicities

a  One patient could not be evaluated because of disease progression during the observation period (patient number 10)

Treatment Level 1 Level 2 a Level 3

Afatinib
(once per day; mg)

20 30 40

Osimertinib
(once per day; mg)

80 80 80

Number of DLT evaluable patients n = 6 n = 6 n = 0

DLT, n (%) 1 (16.7) 2 (33.3) 0 (0)

Details of DLTs 77 years, female: Grade 3 diarrhea 75 years, female: persistent Grade 2 
nausea/vomiting
76 years, female: Grade 3 diarrhea

–

Additional toxicity profile after the observational periods – 50 years, female: persistent Grade 2 
diarrhea
70 years, female: Grade 3 rash

Table 3 Adverse events during the study period

Abbreviations: Gr grade, AST aspartate aminotransferase, ALT alanine aminotransferase
a  DLTs in level 2 cohort comprised Grade 2 nausea and vomiting (n = 1), and Grade 3 diarrhea (n = 1)

All patients (n = 13) Level 2 (n = 7)

All Gr Gr 3–4 All Gr Gr 3–4

n (%) n (%) n (%) n (%)

Neutropenia 1 (7.7) 0 (0) 1 (14.3) 0 (0)

Anemia 10 (76.9) 0 (0) 4 (57.1) 0 (0)

Thrombocytopenia 2 (15.4) 0 (0) 1 (14.3) 0 (0)

Anorexia 5 (38.5) 1 (7.7) 3 (42.9) 0 (0)

Nausea 2 (15.4) 0 (0) 1 (14.3) a 0 (0)

Vomiting 3 (12.1) 0 (0) 2 (28.6) a 0 (0)

Diarrhea 10 (76.9) 2 (15.4) 6 (85.7) 1 (14.3) a

Oral mucositis 5 (38.5) 0 (0) 1 (14.3) 0 (0)

Paronychia 2 (15.4) 0 (0) 1 (14.3) 0 (0)

Skin rash 9 (69.2) 1 (7.7) 4 (57.1) 1 (14.3)

Fatigue 1 (7.7) 1 (7.7) 1 (14.3) 1 (14.3)

Increased ALT 1 (7.7) 0 (0) 1 (14.3) 0 (0)

Increased AST 1 (7.7) 0 (0) 1 (14.3) 0 (0)

Increased creatinine 2 (15.4) 0 (0) 1 (14.3) 0 (0)

Hyponatremia 1 (7.7) 2 (15.4) 1 (14.3) 1 (14.3)
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Fig. 1 Efficacy analyses of combination treatment with afatinib and osimertinib. (a) Waterfall plot of evaluable patients (n = 12). The overall 
response rate was 7.7%. (b) Kaplan–Meier curve analysis of PFS. The median PFS duration was 2.4 months
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Mutation analysis using liquid biopsy
Gene alteration and -amplification were analyzed by per-
forming liquid biopsy assays (Fig.  2). EGFR mutations 
were detected in 10/13 (77%) cfDNA samples, including 
T790M/cis-C797S mutations before treatment (patients 
numbers 7, 10, and 11). Other mutations were detected 
in six patients before treatment; five of whom had TP53 
and/or KRAS mutations, and a variety of compound 
mutations and/or amplifications were detected in three 
patients. Amplification of EGFR or ERBB2 was observed 
in two patients (patients numbers 5 and 6). No relevant 
associations were observed among the tumor response, 
PFS, and specific mutation. The patients who partially 
responded to this combination therapy did not have any 
gene alterations before treatment using this combination 
(patient number 9).

Discussion
This is the first prospective phase I study to investi-
gate the effectiveness of afatinib combined with 80 mg 
osimertinib. The MTD was defined as 30 mg afatinib 
combined with 80 mg osimertinib. Based on the tox-
icity profiles found during all study periods, 66.6% of 
the patients treated with the MTDs of afatinib and 

osimertinib experienced DLTs or DLT-equivalent toxic-
ity, such as persistent Grade 2 diarrhea lasting 4 days or 
Grade 3 rash, respectively. Therefore, the RD for further 
study was defined as 20 mg afatinib combined with 80 mg 
osimertinib.

Data regarding the adequate dose of afatinib for con-
comitant use with 80 mg osimertinib are limited. One 
case report suggested that 20 mg afatinib with 80 mg osi-
mertinib was well tolerated and that it reduced the fre-
quency of the G724S clone, as assessed by the plasma 
cell-free DNA testing [10]. In our trial, the MTD and 
RD of afatinib combined with 80 mg of osimertinib were 
30 mg and 20 mg, respectively. The most frequent drug-
related toxicities were diarrhea (76.9%), skin rash (69.2%), 
anorexia (38.5%), and oral mucositis (38.5%). These tox-
icities were manageable, especially in the 20 mg dose 
cohort. Low-dose afatinib therapy has already been inves-
tigated in several studies. A prospective phase II study 
using low-dose afatinib monotherapy reported that its 
clinical efficacy was comparable to that of standard-dose 
afatinib, without severe toxicities, for EGFR mutation-
positive NSCLC [11, 12]. Considering these prior reports, 
the combination of 20 mg afatinib and 80 mg osimertinib 
will be a reasonable option for further investigations.

Fig. 2 Liquid biopsy results of gene-alteration or -amplification analysis before initiating treatment
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Osimertinib is superior to first-generation EGFR-TKIs 
used in the first-line treatment of EGFR mutation-pos-
itive advanced NSCLC [2]. Despite the high response 
rate and long PFS, many patients acquire resistance to 
osimertinib. Understanding the mechanisms of acquired 
osimertinib resistance is a major area of research. Here, 
we performed gene-mutation analysis to investigate the 
target efficacy of combination treatment with afatinib 
and osimertinib via liquid biopsy analysis. The gene 
mutations associated with EGFR were detected in 77% of 
patients before treatment. Other genetic alterations, such 
as KRAS, NPAP1, and TP53 mutations, were detected 
in six patients. Liquid biopsy analysis with NGS may be 
feasible for detecting druggable mutations and may help 
in evaluating osimertinib resistance. MET amplification, 
EGFR C797S mutations, and histologic transformations 
have been reported as major resistance mechanisms 
during initial osimertinib therapy [13]. C797 provides 
the covalent binding site for osimertinib, and mutations 
in this site induce resistance by interfering with drug-
protein binding [14]. Interestingly, prior-generation 
EGFR-TKIs, such as gefitinib and afatinib, demonstrated 
sensitivity to C797S mutations [15]. The results of this 
study suggest that combination treatment with osimer-
tinib and gefitinib or afatinib is a reasonable strategy 
against the C797S and T790M variants of EGFR. In this 
study, mutation profiling was performed with plasma 
samples using NGS. The three patients harboring the 
T790M/cis-C797S mutation pair did not show treatment 
responses before initiating combination therapy. C797S 
serves as the binding site for irreversible EGFR inhibitors, 
including osimertinib. The C797S mutation is considered 
a drug-resistance mutation with respect to osimerti-
nib [16]. The location of C797S in cis or trans may have 
important biological implications [15]. The location of 
both T790M and C797S in the same allele (cis) led to 
EGFR-TKI resistance in vitro. The three C797S mutations 
detected in this study were located in cis with respect to 
the T790M mutation. The efficacy of combination treat-
ment with osimertinib and afatinib against T790M/trans-
C797S mutations remains unclear.

Secondary EGFR mutations or co-existing uncommon 
EGFR mutations, such as L718Q, G724S, L792H/F/Y, 
F795C, and G796S/R, have been reported to partially 
contribute to osimertinib resistance [17]. Several reports 
have investigated the efficacy of other EGFR-TKIs against 
these tertiary EGFR mutations. Afatinib is a second-
generation EGFR-TKI with broad-range sensitivity to 
various EGFR gene mutations [18]. Notably, afatinib’s 
efficacy against secondary or co-occurring mutations 
in vitro and in vivo, like the G724S point mutation, has 
been demonstrated [19]. A large retrospective study 
demonstrated the moderate sensitivity of osimertinib 

for various uncommon or compound EGFR gene muta-
tions [20]. In this milieu, a combination of osimertinib 
and afatinib therapy is considered an important strategy 
for investigating the development of treatments for EGFR 
mutation-positive NSCLC. However, the molecular pro-
filing conducted in this study did not detect uncommon 
EGFR mutations before treatment. The frequency of 
resistance mechanisms based on additional uncommon 
EGFR mutations might be relatively rare, requiring more 
participants to evaluate the efficacy of this combination 
against osimertinib resistance due to co-existing uncom-
mon EGFR mutations.

Co-occurring genomic alterations contribute to the 
heterogeneity of driver-positive NSCLC and EGFR-tar-
geted therapy-resistant cases [21]. Notably, TP53 muta-
tion is a frequently co-occurring mutation in plasma 
samples showing a negative prognostic value in EGFR-
mutation-carrying NSCLC patients. Other genomic 
alterations co-occurred in patients with TP53 mutations 
in our study and they did not respond to the EGFR-TKI 
combination therapy. The strategy to overcome het-
erogeneously mutated cancer has not been established. 
The subgroup analysis of the RELAY trial suggested 
that the addition of an anti-VEGFR-2 antibody, ramu-
cirumab, to erlotinib might conquer the TP53-positive 
EGFR-mutated NSCLC [22]. The combination with 
antiangiogenetic agents may potentially overcome TP53 
co-mutation-induced resistance, and further investiga-
tion is needed.

Furthermore, RAS-MAPK pathway activations, includ-
ing KRAS or BRAF, can induce osimertinib resistance 
[3]. Four cases carrying mutations in the RAS-MAPK 
pathway genes were found in this study, and the efficacy 
of combination therapy was in 1 case of SD (No. 11) and 
3 cases of PD (Nos. 5, 6, and 8). Further investigation is 
warranted to overcome these complex resistant mecha-
nisms by combining multiple inhibitors, like KRAS allos-
teric inhibitors, BRAF inhibitors, and MEK inhibitors.

We detected an alternative resistant pathway due to 
gene amplifications, like in EGFR and ERBB2. ERBB2 
amplification is an acquired resistance mechanism, with 
a frequency of 2 and 5% in first- and second-line settings 
for osimertinib, respectively [3]. Patients with ERBB2 
amplification in our study did not respond to the EGFR-
TKI combination therapy including the pan-HER inhibi-
tor, afatinib. One reason may be that this patients (No. 
6) had additional complex resistance mechanisms, like 
those conferred by BRCA-1, KRAS, NPAP-1, and TP53. 
Additionally, in vitro results suggested that the combina-
tion of afatinib and cetuximab may be needed to conquer 
the resistance due to ERBB2 amplification. Osimertinib 
resistance is highly diverse, and often associated with 
multiple gene alterations; overcoming resistance using 
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simple combination therapy is limited. Furthermore, re-
biopsy of tumors in this setting is also difficult, and the 
realization of precise individualized treatment using liq-
uid biopsy is indispensable for overcoming resistance.

A key limitation of this study was the small num-
ber of participants. We could not evaluate the effi-
cacy of the combination therapy in patients harboring 
T790M/trans-C797S mutations or co-existing uncom-
mon EGFR mutations. In addition, we could not evaluate 
the osimertinib-resistant status in patients who achieved 
a PR to osimertinib plus afatinib after acquiring resist-
ance to osimertinib monotherapy because these patients 
might be “non-shedders” of cfDNA. These findings indi-
cate challenges in conquering heterogeneous EGFR-TKI 
resistance based on conclusions drawn from studies with 
a small number of patients. Furthermore, some biases 
could have affected the treatment outcomes in this set-
ting. For example, in the subgroup analysis of the AURA3 
trial, the mutation analysis determined via liquid biopsy 
showed that detectable plasma T790M status could be a 
prognostic factor [23]. Furthermore, high tumor burden 
is a predictor of cfDNA shedding and poor survival [24]. 
Notably, in our study population, three patients (Nos. 
2, 4, and 9), in whom gene mutations or amplifications 
were not detected, achieved PR or SD with favorable PFS 
durations. Considering that undetected cfDNA may be a 
prognostic factor, we should evaluate this result consid-
ering selection bias. Second, the TKI-free interval has 
been reported as a key prognostic factor for PFS in the 
EGFR-TKI re-administration strategy [25]. Indeed, the 
osimertinib-free interval was relatively longer (77 days) in 
a patient showing a PR (patient number 9) than in other 
patients. It is difficult to avoid these biases in a setting 
of osimertinib resistance. A reasonable strategy for this 
EGFR-TKI combination is administration to treatment-
naïve patients to delay resistance. The use of gefitinib 
and osimertinib in treatment-naïve NSCLC patients with 
EGFR-active mutations is being studied (NCT03 122717). 
The results of the present study demonstrated the safety 
and feasibility of the combination of 20 mg afatinib and 
80 mg osimertinib in a late-line setting. Further investiga-
tion of this combination in first-line therapy for patients 
with NSCLC and active EGFR mutations is warranted.

Conclusions
The combination of osimertinib and afatinib was toler-
able; however, the additional antitumor effect of afatinib 
on osimertinib may be limited in patients with osimerti-
nib resistance.

Abbreviations
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; cfDNA: Cell-
free DNA; CI: Confidence interval; DLT: Dose-limiting toxicity; ECOG: Eastern 

Cooperative Oncology Group; EGFR: Epidermal growth factor receptor; 
Gr: Grade; ILD: Interstitial lung disease; MET: MET proto-oncogene recep-
tor tyrosine kinase; MTD: Maximum tolerated dose; NGS: Next-generation 
sequencing; NSCLC: Non-small cell lung cancer; ORR: Overall response rate; 
PFS: Progression-free survival; PR: Partial response; PS: Performance status; RD: 
Recommended dose; RECIST: Response Evaluation Criteria in Solid Tumors; SD: 
Stable disease.

Acknowledgments
We thank the patients and their families for their support and participation in 
the study. We also thank Reiko Sanuki and the Clinical Study Support Center 
staff of Wakayama Medical University for their support.

Authors’ contributions
Satoru Miura: Conceptualization, resources, investigation, methodology, 
project administration, writing – original draft, and writing – review and 
editing. Yasuhiro Koh: Conceptualization, data curation, formal analysis, fund-
ing acquisition, investigation, methodology, supervision, writing – original 
draft, and writing – review and editing. Koichi Azuma: Project administration, 
resources, investigation, writing – review, and editing. Hiroshige Yoshioka: 
Project administration, resources, investigation, writing – review, and edit-
ing. Kenichi Koyama: Resources, investigation, writing – review, and editing. 
Shunsuke Teraoka: Resources, investigation, writing – review, and editing. 
Hidenobu Ishii: Resources, investigation, writing – review, and editing. 
Kayoko Kibata: Resources, investigation, writing – review, and editing. Yuichi 
Ozawa: Resources, investigation, writing – review, and editing. Takaaki Tokito: 
Resources, investigation, writing – review, and editing. Jun Oyanagi: Data 
curation, formal analysis, investigation, methodology, writing – review, and 
editing. Toshio Shimokawa: Conceptualization, data curation, formal analysis, 
investigation, methodology, writing – review, and editing. Takayasu Kurata: 
Investigation, project administration, resources, supervision, writing – review, 
and editing. Nobuyuki Yamamoto: Conceptualization, funding acquisition, 
investigation, methodology, project administration, supervision, writing – 
review, and editing. Hiroshi Tanaka: Conceptualization, investigation, meth-
odology, project administration, resources, supervision, writing – review, and 
editing. All authors read and approved the final manuscript.

Funding
This study was supported by Nippon Boehringer-Ingelheim through research 
funding. The sponsor had no involvement in the design of the study; collec-
tion, analysis, and interpretation of data; writing of the report; or decision to 
submit the article for publication.

Availability of data and materials
Raw data for this study were generated at Wakayama Medical University. The 
datasets generated and/or analyzed during the current study are not publicly 
available but are available from the corresponding author upon reasonable 
request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the principles of the Declaration 
of Helsinki. All patients provided written informed consent before enrollment 
in the study. The study protocol was approved by the Certified Review Board 
of Wakayama Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare the following financial interests/personal relationships, 
which may be considered potential competing interests. Satoru Miura reports 
personal fees from Nippon Boehringer-Ingelheim and AstraZeneca. Yasuhiro 
Koh reports grants from Boehringer-Ingelheim and AstraZeneca. Koichi 
Azuma reports personal fees and grants from AstraZeneca. Hiroshige Yoshioka 
reports personal fees and grants from Nippon Boehringer-Ingelheim. Takayasu 
Kurata reports personal fees from Nippon Boehringer-Ingelheim and Astra-
Zeneca. Nobuyuki Yamamoto reports personal fees from AstraZeneca and 
grants from Nippon Boehringer-Ingelheim. Hiroshi Tanaka reports personal 

https://clinicaltrials.gov/ct2/show/NCT03122717


Page 9 of 9Miura et al. BMC Cancer            (2023) 23:6  

fees and grants from AstraZeneca. The remaining authors declare no relevant 
conflicts of interest related to this study.

Author details
1 Department of Internal Medicine, Niigata Cancer Center Hospital, 2-15-3 
Kawagishicho, Chuo-ku, Niigata, Niigata 951-8566, Japan. 2 Internal Medicine 
III, Wakayama Medical University, 811-1, Kimiidera, Wakayama 641-8509, 
Japan. 3 Center for Biomedical Sciences, Wakayama Medical University, 811-1, 
Kimiidera, Wakayama 641-8509, Japan. 4 Division of Respirology, Neurology, 
and Rheumatology, Department of Internal Medicine, Kurume University 
School of Medicine 67 Asahi-machi, Kurume 830-0011, Japan. 5 Department 
of Thoracic Oncology, Kansai Medical University Hospital, 3-1, Shinmachi 2 
Chome, Hirakata, Osaka 573-1191, Japan. 6 Clinical Study Support Center, 
Wakayama Medical University, 811-1, Kimiidera, Wakayama 641-8509, Japan. 

Received: 28 July 2022   Accepted: 21 December 2022

References
 1. Mitsudomi T, Yatabe Y. Mutations of the epidermal growth factor receptor 

gene and related genes as determinants of epidermal growth factor 
receptor tyrosine kinase inhibitors sensitivity in lung cancer. Cancer Sci. 
2007;98:1817–24. https:// doi. org/ 10. 1111/j. 1349- 7006. 2007. 00607.x.

 2. Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T, Chewaskulyong B, 
Lee KH, et al. Osimertinib in untreated EGFR-mutated advanced non-
small-cell lung cancer. N Engl J Med. 2018;378:113–25. https:// doi. org/ 10. 
1056/ NEJMo a1713 137.

 3. Leonetti A, Sharma S, Minari R, Perego P, Giovannetti E, Tiseo M. Resist-
ance mechanisms to osimertinib in EGFR-mutated non-small cell 
lung cancer. Br J Cancer. 2019;121:725–37. https:// doi. org/ 10. 1038/ 
s41416- 019- 0573-8.

 4. Sequist LV, Han JY, Ahn MJ, Cho BC, Yu H, Kim SW, et al. Osimertinib 
plus savolitinib in patients with EGFR mutation-positive, MET-amplified, 
non-small-cell lung cancer after progression on EGFR tyrosine kinase 
inhibitors: interim results from a multicentre, open-label, phase 1b study. 
Lancet Oncol. 2020;21:373–86. https:// doi. org/ 10. 1016/ S1470- 2045(19) 
30785-5.

 5. Passaro A, Jänne PA, Mok T, Peters S. Overcoming therapy resistance in 
EGFR-mutant lung cancer. Nat Cancer. 2021;2:377–91. https:// doi. org/ 10. 
1038/ s43018- 021- 00195-8.

 6. Ercan D, Choi HG, Yun CH, Capelletti M, Xie T, Eck MJ, et al. EGFR muta-
tions and resistance to irreversible pyrimidine-based EGFR inhibitors. 
Clin Cancer Res. 2015;21:3913–23. https:// doi. org/ 10. 1158/ 1078- 0432. 
CCR- 14- 2789.

 7. Banno E, Togashi Y, Nakamura Y, Chiba M, Kobayashi Y, Hayashi H, et al. 
Sensitivities to various epidermal growth factor receptor-tyrosine kinase 
inhibitors of uncommon epidermal growth factor receptor mutations 
L861Q and S768I: what is the optimal epidermal growth factor receptor-
tyrosine kinase inhibitor ? Cancer Sci. 2016;107:1134–40. https:// doi. org/ 
10. 1111/ cas. 12980.

 8. Yang JC, Sequist LV, Geater SL, Tsai CM, Mok TS, Schuler M, et al. Clinical 
activity of afatinib in patients with advanced non-small-cell lung cancer 
harbouring uncommon EGFR mutations: a combined post-hoc analysis 
of LUX-lung 2, LUX-lung 3, and LUX-lung 6. Lancet Oncol. 2015;16:830–8. 
https:// doi. org/ 10. 1016/ S1470- 2045(15) 00026-1.

 9. Nishino M, Suda K, Kobayashi Y, Ohara S, Fujino T, Koga T, et al. Effects of 
secondary EGFR mutations on resistance against upfront osimertinib in 
cells with EGFR-activating mutations in vitro. Lung Cancer. 2018;126:149–
55. https:// doi. org/ 10. 1016/j. lungc an. 2018. 10. 026.

 10. Peled N, Roisman LC, Miron B, Pfeffer R, Lanman RB, Ilouze M, et al. 
Subclonal therapy by two EGFR TKIs guided by sequential plasma cell-
free DNA in EGFR-mutated lung cancer. J Thorac Oncol. 2017;12:e81–4. 
https:// doi. org/ 10. 1016/j. jtho. 2017. 02. 023.

 11. Yokoyama T, Yoshioka H, Fujimoto D, Demura Y, Hirano K, Kawai T, et al. 
A phase II study of low starting dose of afatinib as first-line treatment 
in patients with EGFR mutation-positive non-small-cell lung cancer 
(KTORG1402). Lung Cancer. 2019;135:175–80. https:// doi. org/ 10. 1016/j. 
lungc an. 2019. 03. 030.

 12. Noro R, Igawa S, Bessho A, Hirose T, Shimokawa T, Nakashima M, et al. 
A prospective, phase II trial of monotherapy with low-dose afatinib 
for patients with EGFR, mutation-positive, non-small cell lung cancer: 
thoracic oncology research group 1632. Lung Cancer. 2021;161:49–54. 
https:// doi. org/ 10. 1016/j. lungc an. 2021. 08. 007.

 13. Piper-Vallillo AJ, Sequist LV, Piotrowska Z. Emerging treatment paradigms 
for EGFR-mutant lung cancers progressing on Osimertinib: a review. J Clin 
Oncol. 2020;38(25):2926–36. https:// doi. org/ 10. 1200/ JCO. 19. 03123.

 14. Thress KS, Paweletz CP, Felip E, Cho BC, Stetson D, Dougherty B, et al. 
Acquired EGFR C797S mutation mediates resistance to AZD9291 in non-
small cell lung cancer harboring EGFR T790M. Nat Med. 2015;21:560–2. 
https:// doi. org/ 10. 1038/ nm. 3854.

 15. Niederst MJ, Hu H, Mulvey HE, Lockerman EL, Garcia AR, Piotrowska Z, 
et al. The allelic context of the C797S mutation acquired upon treatment 
with third-generation EGFR inhibitors impacts sensitivity to subsequent 
treatment strategies. Clin Cancer Res. 2015;21:3924–33. https:// doi. org/ 
10. 1158/ 1078- 0432. CCR- 15- 0560.

 16. Brown BP, Zhang YK, Westover D, Yan Y, Qiao H, Huang V, et al. On-target 
resistance to the mutant-selective EGFR inhibitor Osimertinib can 
develop in an allele-specific manner dependent on the original EGFR-
activating mutation. Clin Cancer Res. 2019;25:3341–51. https:// doi. org/ 10. 
1158/ 1078- 0432. CCR- 18- 3829.

 17. Fassunke J, Müller F, Keul M, Michels S, Dammert MA, Schmitt A, et al. 
Overcoming EGFR G724S-mediated osimertinib resistance through unique 
binding characteristics of second-generation EGFR inhibitors. Nat Com-
mun. 2018;9:4655. https:// doi. org/ 10. 1038/ s41467- 018- 07078-0.

 18. Kohsaka S, Nagano M, Ueno T, Suehara Y, Hayashi T, Shimada N, et al. A 
method of high-throughput functional evaluation of EGFR gene variants 
of unknown significance in cancer. Sci Transl Med. 2017;9(416):eaan6566. 
https:// doi. org/ 10. 1126/ scitr anslm ed. aan65 66.

 19. Fang W, Huang Y, Gan J, Zheng Q, Zhang L. Emergence of EGFR G724S 
after progression on Osimertinib responded to afatinib monotherapy. J 
Thorac Oncol. 2020;15:e36–7. https:// doi. org/ 10. 1016/j. jtho. 2019. 09. 198.

 20. Bar J, Peled N, Schokrpur S, Wolner M, Rotem O, Girard N, et al. UNcom-
mon EGFR mutations: international case series on efficacy of osimerti-
nib in real-life practice in first liNe setting (UNICORN). J Thorac Oncol. 
2022;S1556-0864(22):01854–8. https:// doi. org/ 10. 1016/j. jtho. 2022. 10. 004.

 21. Tsui DWY, Murtaza M, Wong ASC, Rueda OM, Smith CG, Chandrananda D, 
et al. Dynamics of multiple resistance mechanisms in plasma DNA during 
EGFR-targeted therapies in non-small cell lung cancer. EMBO Mol Med. 
2018;10(6):e7945. https:// doi. org/ 10. 15252/ emmm. 20170 7945.

 22. Nakagawa K, Nadal E, Garon EB, Nishio M, Seto T, Yamamoto N, et al. 
RELAY subgroup analyses by EGFR Ex19del and Ex21L858R mutations 
for Ramucirumab plus Erlotinib in metastatic non-small cell lung Cancer. 
Clin Cancer Res. 2021;27(19):5258–71. https:// doi. org/ 10. 1158/ 1078- 0432. 
Ccr- 21- 0273.

 23. Papadimitrakopoulou VA, Han JY, Ahn MJ, Ramalingam SS, Delmonte 
A, Hsia TC, et al. Epidermal growth factor receptor mutation analysis in 
tissue and plasma from the AURA3 trial: Osimertinib versus platinum-
pemetrexed for T790M mutation-positive advanced non-small cell lung 
cancer. Cancer. 2020;126:373–80. https:// doi. org/ 10. 1002/ cncr. 32503.

 24. Haseltine JM, Offin M, Flynn JR, Zhang Z, Lebow ES, Aziz K, et al. Tumor 
volume as a predictor of cell free DNA mutation detection in advanced 
non-small cell lung cancer. Transl Lung Cancer Res. 2022;11(8):1578–90. 
https:// doi. org/ 10. 21037/ tlcr- 22- 164.

 25. Hata A, Katakami N, Yoshioka H, Fujita S, Kunimasa K, Nanjo S, et al. Erlo-
tinib after gefitinib failure in relapsed non-small cell lung cancer: clinical 
benefit with optimal patient selection. Lung Cancer. 2011;74:268–73. 
https:// doi. org/ 10. 1016/j. lungc an. 2011. 03. 010.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/j.1349-7006.2007.00607.x
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1038/s41416-019-0573-8
https://doi.org/10.1038/s41416-019-0573-8
https://doi.org/10.1016/S1470-2045(19)30785-5
https://doi.org/10.1016/S1470-2045(19)30785-5
https://doi.org/10.1038/s43018-021-00195-8
https://doi.org/10.1038/s43018-021-00195-8
https://doi.org/10.1158/1078-0432.CCR-14-2789
https://doi.org/10.1158/1078-0432.CCR-14-2789
https://doi.org/10.1111/cas.12980
https://doi.org/10.1111/cas.12980
https://doi.org/10.1016/S1470-2045(15)00026-1
https://doi.org/10.1016/j.lungcan.2018.10.026
https://doi.org/10.1016/j.jtho.2017.02.023
https://doi.org/10.1016/j.lungcan.2019.03.030
https://doi.org/10.1016/j.lungcan.2019.03.030
https://doi.org/10.1016/j.lungcan.2021.08.007
https://doi.org/10.1200/JCO.19.03123
https://doi.org/10.1038/nm.3854
https://doi.org/10.1158/1078-0432.CCR-15-0560
https://doi.org/10.1158/1078-0432.CCR-15-0560
https://doi.org/10.1158/1078-0432.CCR-18-3829
https://doi.org/10.1158/1078-0432.CCR-18-3829
https://doi.org/10.1038/s41467-018-07078-0
https://doi.org/10.1126/scitranslmed.aan6566
https://doi.org/10.1016/j.jtho.2019.09.198
https://doi.org/10.1016/j.jtho.2022.10.004
https://doi.org/10.15252/emmm.201707945
https://doi.org/10.1158/1078-0432.Ccr-21-0273
https://doi.org/10.1158/1078-0432.Ccr-21-0273
https://doi.org/10.1002/cncr.32503
https://doi.org/10.21037/tlcr-22-164
https://doi.org/10.1016/j.lungcan.2011.03.010

	Afatinib plus osimertinib in the treatment of osimertinib-resistant non-small cell lung carcinoma: a phase I clinical trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Introduction
	Patients and methods
	Study design
	Patients
	Study objectives and plan
	Safety and efficacy assessment
	Cell-free DNA (cfDNA) analysis using plasma sampling

	Results
	Patient characteristics
	MTD and toxicity analysis
	Adverse events
	Efficacy
	Mutation analysis using liquid biopsy

	Discussion
	Conclusions
	Acknowledgments
	References


