
Abstract. Background/Aim: To explore the safety of osimertinib
plus ramucirumab in patients with EGFR-mutated lung
adenocarcinoma. Patients and Methods: Six advanced lung
adenocarcinoma patients with EGFR mutation were treated with
osimertinib 80 mg/day plus ramucirumab 10 mg/kg, every two
weeks. Defined dose-limiting toxicity (DLT) was assessed within
the first two treatment cycles. Results: Of those enrolled, five
patients had both EGFR exon 20 T790M mutation and
sensitizing mutation. DLT was observed in one patient (grade 3
appetite loss). During the entire period, no other severe adverse
event was observed. Five patients showed partial response and
one disease progression. Median progression-free survival for
patients with EGFR T790M was 9.2 months. In an exploratory
analysis, changes of cell-free DNA at 2 weeks predicted
radiological tumor responses. Conclusion: The safety results of
osimertinib plus ramucirumab in Japanese lung adenocarcinoma
patients with EGFR mutation will lead to further efficacy
investigation.

Epidermal growth factor receptor (EGFR) mutation is known
as an oncogenic driver in advanced lung adenocarcinoma and

its frequency has been reported to be approximately 40% in
East Asians (1). Until 2018, first- or second-generation
EGFR-tyrosine kinase inhibitors (TKIs) were the standard
treatment for lung adenocarcinoma patients with EGFR
mutation. They allowed almost one year of progression-free
survival (PFS), but ultimately developed resistance. Of those
progressed, EGFR T790M mutation is the most common
resistance mechanism (2).

Osimertinib, the first-in class third-generation EGFR-TKI,
has a broad spectrum of activity in various types of EGFR-
mutated cell lines including those carrying the EGFR T790M
mutation (3). Its inhibitory effect on EGFR wild-type is
minute, so clinical toxicities are mild. AURA3 was the first
phase III study to compare osimertinib with platinum doublet
chemotherapy in EGFR-mutated patients that progressed
with EGFR-TKIs and acquired EGFR T790M mutation (4).
Another phase 3 trial, FLAURA, compared osimertinib with
first generation EGFR-TKIs among treatment-naïve patients
harboring sensitizing EGFR mutations (5). Osimertinib was
shown to prolong PFS in both studies. Based on these,
current clinical guidelines suggest osimertinib as the first
choice in both situations.

Vascular endothelial growth factor (VEGF) plays various roles
in cancer evolution, including angiogenesis, proliferation and
metastasis. In EGFR-mutated lung cancer, a preclinical study
suggested that inhibition of VEGF may work synergistically with
EGFR inhibitors (6). Ramucirumab is an anti-VEGF receptor2
antibody that has already been approved for the treatment of
various malignancies. In EGFR-mutated non-small cell lung
cancer (NSCLC), erlotinib plus ramucirumab has been tested and
significant prolongation of PFS has been shown in a phase III
trial (7). These clinical results prompted us to explore the
combination of osimertinib with ramucirumab, and to clarify the
safety profile in Japanese patients.  
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Patients and Methods
Study design. This is an open-label, single arm phase Ib study to
explore the safety of osimertinib plus ramucirumab in Japanese lung
adenocarcinoma patients with EGFR mutation. In previous studies,
osimertinib monotherapy had a less-toxic profile compared with
first-generation EGFR-TKIs. Moreover, the combination of erlotinib
with anti-VEGF antibodies was tolerable in phase 3 trials. Although
conventional phase I studies usually set dose escalation cohorts with
a 3+3 design, this evidence allowed us to test this combination with
full doses in six patients.

The primary endpoint of this study was safety during the first
two cycles. Secondary endpoints are overall response rate (ORR),
progression-free survival (PFS), overall survival (OS), and safety
during the entire period. Dose-limiting toxicity (DLT) was defined
as any of the following: hemoglobin decrease (grade 4), platelet
decrease (≥ grade 3), neutropenia (grade 4, lasting ≥ eight days),
febrile neutropenia, skin rash (grade 4), proteinuria (≥3 g/day, 2
g/day that lasts ≥3 times or does not recover to ≤2 g/day within 2
weeks), hypertension (grade 4), or other non-hematological
toxicities except for electrolyte abnormalities and hyperglycemia (≥
grade 3). If 2 or more of the six patients had DLT, this combination
would be determined as not tolerable and the study would be
terminated.

Eligibility and exclusion criteria. Eligible participants were those
with pathologically proven lung adenocarcinoma with clinical stage
IIIB, IV, or recurrence after curative surgery or radiotherapy.
Patients without prior history of EGFR-TKI should harbor EGFR
sensitizing mutation (exon 19 deletion, or exon 21 L858R). If
patients had progression with prior EGFR-TKI other than
osimertinib, they should be confirmed to have EGFR T790M. EGFR
mutation testing was performed using tumor specimen or cell-free
DNA extracted from peripheral blood at local facilities by approved
PCR-based methods. Other inclusion criteria were age ≥20 years,
ECOG performance status (PS) of 0-1, measurable lesion, and
adequate organ function within 14 days prior to registration. Written
informed consented was obtained from all patients.

Patients were excluded if they met any of the following criteria:
history of interstitial pneumonia or evidence of interstitial lung
disease by computed tomography (CT) scan, inability to swallow
or ingest, considered to be at high risk of bleeding (i.e. history of
hemoptysis or gastrointestinal bleeding), history of embolisms in
the three months prior to protocol therapy, serious illness or
medical condition (i.e. symptomatic or recent cerebrovascular
disease, uncontrolled pleural effusion, or uncontrolled
hypertension), localized infection requiring procedure or active
systemic infection, positivity for hepatitis B virus antigen,
leptomeningeal carcinomatosis, other malignancies, pregnant or
nursing women, women unwilling to use adequate contraceptive
methods, serious psychiatric condition making registration difficult,
or serious known allergy. Patients with brain metastasis were
allowed if he/she was asymptomatic, but those who had
leptomeningeal carcinomatosis were excluded.

Study treatment and assessment procedures. Treatment consisted of
osimertinib plus ramucirumab. Beginning on day 1, 80 mg of
osimertinib was administered every day, until disease progression.
Also beginning on day 1, 10 mg/kg of ramucirumab was
administered every two weeks, until disease progression.

To assess efficacy, patients underwent chest CT every eight
weeks until 72 weeks, and every 12 weeks thereafter. Gadolinium-
enhanced MRI of the brain was performed at baseline prior to
registration for all patients. Adverse events (AEs) were graded using
Common Terminology Criteria for Adverse Events, version 4.0.

Biomarker analysis. Before and after treatment, 20 ml of peripheral
blood (at two, four, eight and 16 weeks) were collected and
centrifuged to separate plasma. The collected plasma was stored at
-80˚C until cell-free DNA (cfDNA) purification. After thawing, the
plasma was centrifuged at 1500 × g for 10 min at 4˚C and the
supernatant was used for cfDNA purification. cfDNA was purified
with QIAamp circulating nucleic acid kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions. The
purified cfDNA was quantified with a Qubit 2.0 fluorometer using
Qubit dsDNA HS assay kit (Thermo Fisher Scientific, Waltham,
MA, USA). To assess the heterogeneity of the tumor, genetic
alterations in cfDNA were evaluated by next generation sequencing
(NGS) [AVENIO ctDNA surveillance kit (Roche Diagnostics,
Pleasanton, CA, USA)]. According to the manufacturer’s
instructions, sequencing libraries were prepared, and the quality
was evaluated by Qubit assay and High Sensitivity D5000
ScreenTape on a TapeStation 2200 (Agilent, Santa Clara, CA,
USA). After the quality control, the libraries were pooled and
sequenced on an Illumina Nextseq 500 using 300 cycles high
output kit v2.5 (Illumina, San Diego, CA, USA). After sequencing,
genetic alterations were analyzed using AVENIO oncology analysis
software (Roche Sequencing Solutions, Inc., Pleasanton, CA,
USA). To confirm the results obtained by NGS, droplet digital PCR
(ddPCR) was performed for three common types of EGFR
mutation (exon 19 deletion, exon 20 T790M and exon 21 L858R)
using RainDrop digital PCR system (Bio-Rad Laboratories,
Hercules, CA, USA) (8, 9).

Statistical analysis. For the ORR, the point estimates and the 95%
confidence interval (CI) are provided. PFS was estimated using
the Kaplan–Meier (KM) curves. Using KM method, median PFS
and PFS rate at one-year were also analyzed with 95%CI. OS was
analyzed similar to PFS and median OS and OS rate at one-year
were also analyzed. Statistical analyses were conducted with JMP
software (version 11, SAS Institute, Cary, NC, USA) and
GraphPad Prism ver.7.00 for Windows (GraphPad Software, San
Diego, CA, USA).

Ethical considerations. The study was conducted in compliance with the
principles of the Declaration of Helsinki, and the protocol was approved
by the institutional review board of each participating institution. Written
informed consent was obtained from all patients before any screening
or inclusion procedures. This protocol was registered in the University
Hospital Medical Information Network, Japan (protocol identification
no. UMIN000023761 and UMIN000030164).

Results

Patient characteristics. Baseline characteristics of the six
patients are shown in Table I. Median age was 67 (range=55-
71 years), four were male and five had ECOG PS of 1. One
patient did not have history of EGFR-TKI treatment and five
progressed following prior treatment with EGFR-TKIs and
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acquired EGFR T790M mutation. At the data cut-off, median
follow-up was 18.7 months (range=12.6-25.1 months). One
patient withdrew consent after 89 days of treatment, so we
could not acquire further information from this patient.

Safety and drug exposure. Table II shows the toxicity profile
during the DLT assessment period. Although one DLT
occurred (grade 3 appetite loss), other AEs were ≤ grade 2.
One patient developed grade 3 appetite loss on day 22 that
required admission. She received peripheral intravenous
fluids and recovered within one month.

Table III summarizes AEs during the entire period. Similar
to those during the DLT assessment period, there were no
severe AEs other than DLT. Other common AEs were platelet
decrease, diarrhea (n=4 each), skin rash, and hypertension
(n=3 each). One patient had grade 2 interstitial lung disease

on day 36, but finally recovered on day 62. At the time of
analysis, median exposure of osimertinib administration was
100% of the planned dosage (range=76-100%) and median
cycles of ramucirumab administration was five (range=2-9).

Efficacy and post-study therapy. Five patients had partial
response and only one had progressive disease (PD) as best
response. Thus, ORR was 83% (95%CI=42-99%). Swimmer’s
plot of all patients and Kaplan–Meier curve of PFS among
patients with EGFR T790M are shown in Figure 1. Among
patients with T790M, median PFS was 9.2 months and one-
year PFS was 38% (95%CI=36-43%). No patients died at the
time of analysis, so survival rate at one-year was 100% and
median overall survival was not reached (data not shown).

At the time of analysis, five discontinued study treatment
(one due to DLT and four due to PD). Of those, three
received osimertinib monotherapy as their post-therapy
(Figure 1a). Patient no.1, who had DLT, received 40 mg of
osimertinib monotherapy and is still maintaining her disease
for 2 years. Patient no.3 had clinical progression (worsening
pain due to bone metastasis) on day 112. This patient resumed
osimertinib monotherapy at the same dose after palliative
radiotherapy and this has been effective for 19 months.
Patient no.6 discontinued study treatment due to interstitial
lung disease. After platinum doublet chemotherapy, he
received osimertinib re-challenge as the third-line therapy and
it worked for over eight months.
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Table I. Baseline characteristics.

Characteristics                                                                           N=6

Age; median (range)                                                            67 (55-71)
Gender; male/female                                                                  4/2
C-stage; III-IV/post-operative recurrence                                 5/1
Site of EGFR mutation
  Exon19del                                                                                  3
  Exon 20 T790M                                                                        5
  Exon 21 L858R                                                                         3
No. of prior treatment; 0/1-                                                       1/5
ECOG Performance status; 0/1                                                 4/2
Smoking status; non or light smoker/smoker                           3/3

c-stage: Clinical stage; EGFR: epidermal growth factor receptor and
ECOG: Eastern Cooperative Oncology Group.

Table II. Adverse events during two cycles (primary endpoint).

                                                      G1                       G2                   ≥G3

Platelet decrease                            4                          0                       0
Diarrhea                                          3                          0                       0
Skin rash                                        3                          0                       0
Proteinuria                                      1                          1                       0
Appetite loss                                  0                          0                       1*
Vomiting                                         0                          1                       0
Hypertension                                  0                          1                       0
AST elevation                                1                          0                       0
ALT elevation                                1                          0                       0
Liver dysfunction                          1                          0                       0
Nausea                                            1                          0                       0
Rash maculopapular                      1                          0                       0
Nasal bleeding                               1                          0                       0

*Dose-limiting toxicity. AST: Aspartate transaminase; ALT: alanine
amino transferase.

Table III. Adverse events during entire period.

                                                      G1                       G2                   ≥G3

Platelet decrease                            4                          0                       0
Diarrhea                                          3                          1                       0
Hypertension                                  1                          2                       0
Skin rash                                        3                          0                       0
Proteinuria                                      1                          1                       0
ALT elevation                                2                          0                       0
Nasal bleeding                               2                          0                       0
Appetite loss                                  0                          0                       1
WBC decrease                               0                          1                       0
Neutropenia                                    0                          1                       0
Vomiting                                         0                          1                       0
Mucositis oral                                0                          1                       0
Interstitial lung disease                 0                          1                       0
Hb decrease                                    1                          0                       0
AST elevation                                1                          0                       0
Liver dysfunction                          1                          0                       0
Nausea                                            1                          0                       0
Dry skin                                         1                          0                       0
Rash maculopapular                      1                          0                       0
Paronychia                                     1                          0                       0

AST: Aspartate transaminase; ALT: alanine aminotransferase; Hb:
hemoglobin; WBC: white blood cell.



Biomarker analysis. Of six participants, three consented to
participate in biomarker analysis. Table IV shows gene
alterations detected by ddPCR or NGS at baseline. All EGFR
mutations detected by ddPCR were also captured by NGS. In
addition, we could detect other EGFR mutations like exon 20
C797S in patient no.2, and EGFR amplifications in patients
no. 1 and 2. Figure 2 shows longitudinal monitoring by
RECIST or allele frequency (AF) of EGFR T790M in cfDNA.
All patients showed rapid decrease of cfDNA within two
weeks and this reflected radiological tumor shrinkage at 8
weeks. Interestingly, patient no.3 was judged to have PD due
to worsening pain because of bone metastasis, but AF was not
changed at this timepoint. This patient successfully resumed
osimertinib monotherapy after palliative radiotherapy.

Discussion

EGFR-TKI plus anti-VEGF inhibitor is one of the most
promising combination strategies in EGFR-mutated NSCLC.
Although two phase III trials with erlotinib plus either
bevacizumab or ramucirumab demonstrated significant
prolongation of PFS (10), there is limited data on osimertinib
plus anti-VEGF agents. This is therefore the first study to show
the tolerability of osimertinib plus ramucirumab in Japanese
lung adenocarcinoma patients. The number of participants was
small, but AE profiles were generally mild. We had one case
of severe AE (appetite loss), but the patient fully recovered.

Among five patients with EGFR T790M mutation, median
PFS was unremarkable. Until now, several studies have
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Figure 1. Efficacy of osimertinib plus ramucirumab. a) Swimmer’s plot of all participants and b) Kaplan–Meier curves of progression-free survival in
patients with EGFR T790M mutation. Triangles, triangle outlined with black and # indicate systemic disease progression, local progression and withdrawn
from the trial, respectively. DLT: Dose-limiting toxicity; Osi: osimertinib; Ram: ramucirumab; PEM: pemetrexed; BSC: best supportive care.

Table IV. Detected gene alterations at baseline.

Patient no                                           Digital PCR                                                                              Next generation sequencing (AVENIO)

                      Site of EGFR mutations            Allele frequency (%)             Site of EGFR mutations            Allele frequency (%)           CNV/fusion

1                               Exon 19 del                                      6.2                                     Exon 19 del                                     3.9                           EGFR amp
                             Exon 20 T790M                                  2.6                                 Exon 20 T790M                                 3.2
2                               Exon 19 del                                      1.5                                     Exon 19 del                                                                    EGFR amp
                             Exon 20 T790M                                17.2                             p.Glu746_Arg748del                             1.8
                                                                                                                            p.Glu746_Arg750del                             0.2
                             Exon 21 L858R                                   0.09                               Exon 20 T790M                                 1.6
                                                                                                                                 Exon 20 C797S                                 0.7
3                               Exon 19 del                                    11.1                                     Exon 19 del                                     7.4
                             Exon 20 T790M                                  4.2                                 Exon 20 T790M                                 5.5                                    



reported preliminary results of osimertinib in combination
with anti-VEGF antibodies; median PFS was 18.4 months in
the first-line and 11.0 months in the later line in patients with
EGFR T790M (11, 12). Recently, a Japanese randomized
phase II study examining osimertinib with or without
bevacizumab in T790M-mutated patients failed to show
prolongation of PFS (13). A phase II study already
completed accrual in Japan (UMIN 000030206) and another
phase III trial in the U.S. is ongoing (NCT04181060). These
results are eagerly anticipated.

Our biomarker analysis revealed the utility of tracking the
change of cfDNA in predicting radiological response, which
is consistent with prior studies (14). Although most patients
respond to EGFR-TKI, it is still useful to develop less-
invasive methods like ours to detect intrinsic resistance early.
On the other hand, whether plasma progression is more
sensitive and clinically meaningful than RECIST has been
debated. In our study, patient no. 3 did not show significant
increase of AF at the time of local progression. Conversely,
patient no. 2 showed an increase in AF at 8 weeks without
any manifestation of progression. Such dynamics unrelated
to disease control have been shown in a previous report, but
their clinical implication has not been clarified (15).
Significance of plasma progression compared with
radiological progression will be explored in larger
prospective trials. Using highly sensitive NGS, we could
detect the same EGFR mutations detected by ddPCR. In
addition, several gene alterations, such as EGFR C797S or
EGFR gene amplification which are known as resistant to
osimertinib, were detected by NGS (16). Although the
clinical relevance was unclear due to small sample size, our
results suggest the applicability of NGS. Especially,
detecting EGFR mutations such as C797S that makes the

tumor sensitive to first- or second-generation EGFR-TKIs
may help to consider subsequent therapy (17).

In conclusion, the safety results of osimertinib plus
ramucirumab in Japanese lung adenocarcinoma patients with
EGFR mutation will lead to further efficacy investigation.

Conflicts of Interest

Hiroaki Akamatsu received honoraria from AstraZeneca K.K.,
Boehringer Ingelheim Japan Inc., Bristol-Myers Squibb, Chugai
Pharmaceutical Co. Ltd., Eli Lilly Japan K.K., MSD K.K., Novartis
Pharma K.K., Ono Pharmaceutical Co. Ltd. and Taiho
Pharmaceutical Co. Ltd. He received research funding from Chugai
Pharmaceutical Co. Ltd., MSD K.K. Yuichi Ozawa received
honoraria from AstraZeneca K.K., Chugai Pharmaceutical Co. Ltd.,
Eli Lilly Japan K.K., MSD K.K., Ono Pharmaceutical Co. Ltd. and
Taiho Pharmaceutical Co. Ltd. He had an advisory role for
AstraZeneca K.K. Daichi Fujimoto received honoraria from
AstraZeneca K.K., Boehringer Ingelheim Japan Inc., Bristol-Myers
Squibb, Chugai Pharmaceutical Co. Ltd., Eli Lilly Japan K.K., MSD
K.K., Novartis Pharma K.K., Ono Pharmaceutical Co. Ltd. and
Taiho Pharmaceutical Co. Ltd. He received research funding from
AstraZeneca K.K. Akito Hata received honoraria from AstraZeneca
K.K., Boehringer Ingelheim Japan Inc., Chugai Pharmaceutical Co.
Ltd., and Eli Lilly Japan K.K. He received research funding from
AstraZeneca K.K., Boehringer Ingelheim Japan Inc., Eli Lilly Japan
K.K., and MSD. Nobuyuki Katakami received honoraria from
AstraZeneca K.K., Boehringer Ingelheim Japan Inc., Bristol-Myers
Squibb, Chugai Pharmaceutical Co. Ltd., Eli Lilly Japan K.K., MSD
K.K., Novartis Pharma K.K., Ono Pharmaceutical Co. Ltd., Taiho
Pharmaceutical Co. Ltd. and Japan Pharmaceutical Association.
Keisuke Tomii received honoraria from Astellas Pharma Inc.,
AstraZeneca K.K., Boehringer Ingelheim Japan Inc., Chugai
Pharmaceutical Co. Ltd., Daiichi Sankyo, Eli Lilly Japan K.K.,
GlaxoSmithKline Pharmaceuticals Ltd., Kyorin Pharmaceutical co.
Ltd, Kyowa Hakko Kirin Co., Ltd, MSD K.K., Novartis Pharma
K.K, Sanofi K.K., Shionogi & Co., Ltd., Taiho Pharmaceutical Co.
Ltd. and Teijin Pharma, Ltd. Takeya Sugimoto received honoraria
from AstraZeneca K.K. Yasuhiro Koh received honoraria from
AstraZeneca K.K., Boehringer Ingelheim Japan Inc, Bristol-Myers
Squibb, Chugai Pharmaceutical Co. Ltd., Eli Lilly Japan K.K., Ono
Pharmaceutical Co. Ltd. and Thermo Fisher, Tosoh Corp. He also
received research funding from AstraZeneca K.K., Boehringer
Ingelheim Japan Inc, Bristol-Myers Squibb, Chugai Pharmaceutical
Co. Ltd., MSD, On-chip Biotechnologies, Ono Pharmaceutical Co.
Ltd, Terumo and Toppan Printing. Nobuyuki Yamamoto received
honoraria from AstraZeneca K.K., Boehringer Ingelheim Japan Inc.,
Bristol-Myers Squibb, Chugai Pharmaceutical Co. Ltd., Daiichi
Sankyo, Eli Lilly Japan K.K., Life Technologies, Merck Biopharma
Co., Ltd., MSD K.K., Nippon Kayaku Co., Ltd., Novartis Pharma
K.K., Ono Pharmaceutical Co. Ltd., Pfizer Japan Inc., Takeda
Pharmaceutical, Taiho Pharmaceutical Co. Ltd. and Thermo Fisher
Scientific K.K. He received research funding from Abbvie GK,
Amgen, AstraZeneca K.K., Astellas Pharma Inc, Boehringer
Ingelheim Japan Inc., Chugai Pharmaceutical Co. Ltd., Daiichi
Sankyo, Eisai Co., Ltd., Eli Lilly Japan K.K., Kyorin
Pharmaceutical co. Ltd, MSD K.K., Novartis Pharma K.K., Ono
Pharmaceutical Co. Ltd., Pfizer Japan Inc., Takeda Pharmaceutical,
Taiho Pharmaceutical Co. Ltd., Terumo corp., TOPPAN PRINTING

Akamatsu et al: Osimertinib + Ramucirumab in EGFR-Mt NSCLC Patients

915

Figure 2. Longitudinal assessment by RECIST and liquid biopsy.
Regarding cfDNA, relative changes in allele frequency of EGFR T790M
from baseline were plotted. PD: Progressive disease.
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