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Background: Afatinib is a second-generation epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor 
(TKI). Combination therapies with first-generation EGFR-TKIs and bevacizumab have been reported to prolong 
progression-free survival (PFS). However, there are few data on the combination of afatinib and bevacizumab.
Methods: In this phase I trial, we evaluated the safety of afatinib plus bevacizumab in patients with advanced 
non-squamous non-small cell lung cancer (NSCLC) harboring EGFR mutations. This study consisted of 
two cohorts. In the dose-finding cohort, enrolled patients were treated with afatinib at a dose of 20, 30, or  
40 mg/day (days 1–21) plus bevacizumab at a dose of 15 mg/kg (day 1) in 21-day cycles. This cohort 
was performed according to a 3 + 3 manner. In the expansion cohort, enrolled patients received the 
recommended dose (RD) based on the results of the dose-finding cohort. The serum trough concentration 
of afatinib was determined at the steady state. 
Results: Seventeen patients were enrolled in this study (6 patients in the dose-finding cohort and 11 patients 
in the expansion cohort). There were no dose-limiting toxicities (DLTs) with afatinib at a dose of 30 mg/day. 
With afatinib at a dose of 40 mg/day, two of two patients experienced DLTs (grade 3 diarrhea) in cycle 1. 
With these results, afatinib at a dose of 30 mg/day plus bevacizumab at a dose of 15 mg/kg was determined 
as the RD. Eleven patients in the expansion cohort were treated with the RD. Common treatment-related 
adverse events (AEs) with the RD were diarrhea (79%), rash (71%), perionychia (64%), and stomatitis (50%). 
Grade 3 AEs with the RD were diarrhea (7%), perionychia (7%), and hypertension (7%). There were no 
grade 4/5 AEs or cases of interstitial lung disease. Dose-proportional increases in serum afatinib trough 
concentrations at steady state were not observed. The response rates (RRs) and disease control rates were 
55% and 100% in EGFR-TKI-naïve patients. Re-biopsy was performed in eight patients after progressive 
disease following the study treatment, and three patients acquired a T790M mutation.
Conclusions: Afatinib at a dose of 30 mg/day plus bevacizumab at a dose of 15 mg/kg q3w is well tolerated.
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Introduction

Epidermal growth factor receptor (EGFR) tyrosine kinase 
inhibitor (TKI) monotherapies result in improvements 
in the progression-free survival (PFS) and response 
rates (RRs) compared to those with platinum-doublet 
chemotherapies in patients with non-small cell lung cancer 
(NSCLC) harboring EGFR mutations (1-6). However, most 
patients with NSCLC harboring EGFR mutations who are 
administered EGFR-TKI monotherapies eventually acquire 
resistance and relapse approximately one year after the 
initiation of treatment (1-6). To improve their outcomes, 
combination therapies using EGFR-TKIs have actively 
been developed in recent years.

Bevacizumab is a promising candidate as a combination 
drug with EGFR-TKIs. This compound is a monoclonal 
antibody that targets vascular endothelial growth factor A, 
a key factor in tumor-associated angiogenesis. Saito et al. 
performed a phase III study to measure the combination of 
erlotinib (a first-generation EGFR-TKI) and bevacizumab 
versus erlotinib monotherapy, the former resulted in longer 
PFS than that associated with erlotinib monotherapy 
(median PFS: 16.9 months with erlotinib plus bevacizumab 
and 13.3 months with erlotinib monotherapy) (7). 
Additionally, several phase II studies have supported the 
efficacy of bevacizumab with EGFR-TKIs (8,9). However, 
most of these studies used first-generation EGFR-TKIs. 
There are few data corresponding to second- or third- 
generation EGFR-TKIs plus bevacizumab.

Afatinib is a second-generation EGFR-TKI. This 
compound irreversibly binds to and blocks not only EGFR, 
but also human EGFR-related 2 and 4 tyrosine kinases. In 
a phase IIB trial, afatinib significantly prolonged the PFS in 
patients with NSCLC harboring EGFR mutations compared 
with first-generation EGFR-TKIs (10). In a combined 
analysis of phase III trials to compare afatinib with platinum-
doublet chemotherapy, afatinib significantly improved the 
PFS and overall survival (OS) (11), while first-generation 
EGFR-TKIs did not improve the OS (12,13). Based on these 
results, it is suggested that afatinib achieves better outcomes 
than those achieved by first-generation EGFR-TKIs.

With this background, a combination therapy of 
afatinib with bevacizumab is expected to be a promising 
combination for patients with NSCLC harboring EGFR 
mutations. However, there are few data of the adequate 
dose and feasibility of this combination therapy. Therefore, 
we performed a phase I study to assess the combination 
therapy of afatinib plus bevacizumab. 

The authors present the following article in accordance 
with the TREND reporting checklist (available at http://
dx.doi.org/10.21037/tlcr-20-824).

Methods

Study design

This open-label ,  phase I  study was performed at  
two facilities (Juntendo University Hospital and Kurume 
University Hospital). The pharmacokinetic study was 
performed at the Department of Clinical Pharmacokinetics 
and Pharmacodynamics of Keio University School of 
Medicine. The study protocol was approved by the 
institutional review boards of Juntendo University Hospital 
(registration ID 14-134) and Kurume University Hospital 
(registration ID 14243). Written informed consent was 
obtained from all patients prior to the study. This study was 
conducted in compliance with the Declaration of Helsinki 
(as revised in 2013) and all relevant Japanese laws and 
regulations. This study was registered at the University 
Hospital Medical Information Network Clinical Trial 
Registry (UMIN 000016029). 

The purpose of this study was to assess the feasibility and 
recommended dose (RD) of afatinib with bevacizumab in 
patients with advanced NSCLC harboring EGFR mutations. 
The primary endpoints were the maximum tolerated dose 
(MTD) and RD. The secondary endpoints were the toxicity, 
objective RR, PFS, OS, and afatinib exposure at steady state.

This study comprised of a dose-finding cohort and 
expansion cohort. The dose-finding cohort was performed 
in a 3+3 manner. In the expansion cohort, 10–20 patients 
received the RD derived from the results of the dose-
finding cohort.

Afatinib was orally administered by continuous once-
daily dosing in combination with bevacizumab (15 mg/kg) 
intravenously administered on day 1 every 3 weeks until 
disease progression or an unacceptable adverse event (AE) 
was noted. In the dose-finding cohort, the initial afatinib 
dose was 30 mg/day. If the tolerability at 30 mg/day was 
determined, the dose was escalated to 40 mg/day. If the 
tolerability at 30 mg/day was not determined, the following 
dose was de-escalated to 20 mg/day. Tolerability was 
evaluated based on the frequency of dose-limiting toxicities 
(DLTs) confirmed by the end of cycle 1.

The following toxicities were defined as DLTs: grade 3 or 
higher diarrhea, skin toxicity, nausea, vomiting, hemorrhage, 
hypertension, and other non-hematological toxicities under 
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appropriate supportive therapy; grade 2 diarrhea, nausea, 
and vomiting which continued for 4 days or more under 
appropriate supportive therapy; grade 4 hematological 
toxicities; grade 3 or higher febrile neutropenia; and other 
toxicities that needed discontinuation of afatinib for 8 days 
or more.

Patient selection

The eligibility criteria were as follows: histologically or 
cytologically diagnosed stage IIIB/IV or postoperative 
recurrent non-squamous NSCLC with EGFR mutations 
(exon 21 L858R, exon 19 deletion, exon 18 G719X, 
exon21 L861Q; with or without exon 20 T790M), age of 
20–74 years, with measurable lesions, Eastern Cooperative 
Oncology Group performance status of 0 or 1, expected 
survival of ≥90 days, adequate organ function (hemoglobin 
concentration ≥9.0 g/dL, platelet count ≥100,000/mm3, 
aspartate aminotransferase and alanine aminotransferase 
levels  100 IU/L, serum total bilirubin concentration 
1.5 mg/dL, serum creatinine concentration 1.5 mg/dL, 
prothrombin time international normalized ratio 1.5, 
proteinuria 1+), and SpO2 ≥95% in room air. 

The major  exc lus ion cr i ter ia  were  as  fo l lows : 
active concurrent malignancies; pulmonary fibrosis or 
interstitial pneumonitis; untreated symptomatic brain 
metastasis; uncontrolled pleural effusion or ascites; a 
history of hemoptysis (≥2.5 mL) or continuous history of 
hemosputum; or a high risk of complications relevant to 
hemorrhage, severe infection, or severe drug allergies.

Assessment of safety and efficacy

The severity of AE was evaluated based on the Common 
Terminology Criteria for Adverse Events version 4.0. 
Antitumor effect was evaluated radiologically (using 
computed tomography or magnetic resonance imaging) 
every 6 weeks. All responses were determined based on the 
Response Evaluation Criteria in Solid Tumors version 1.1.

Statistical analysis

OS was defined as the period from the date of enrollment 
to death from any cause. PFS was defined as the period 
from the date of enrollment to the date of the verification 
of disease progression or death from any cause. OS and 
PFS were evaluated using the Kaplan-Meier method. 
All analyses were conducted using JMP 10 for Windows 

statistical software (SAS Institute Japan Inc., Tokyo, Japan).

Pharmacokinetic studies

Blood samples were collected before the administration of 
afatinib from day 8 to day 15 as steady state. Peripheral blood 
samples (3 mL) were collected into vacuum tubes without 
anticoagulants and centrifuged at 3,000 rpm for 10 min  
at room temperature, and serum was frozen and stored at 
–20 ℃ until analysis. 

The afatinib concentration was determined using an 
ultra-performance liquid chromatography tandem mass 
spectrometry technique modified from a previously reported 
method and developed specifically for this study (14).  
The concentration range of the standard curves was  
0.5–100 ng/mL. The bias and precision of the quality 
control samples were both less than 15%. At the lower limit 
of assay quantification, the bias and precision were both less 
than 20%, in accordance with the guidelines provided in 
the Food and Drug Administration Guidance for Industry 
Bioanalytical Method Validation (15). Inter-day and intra-
day variabilities in precision (expressed as coefficients of 
variation) ranged from 6.0% to 8.8% and from 2.8% to 
4.0%, respectively. The average accuracies ranged from 
96.0% to 104.3%.

Results

Patient characteristics

Between May 2015 and October 2016, 17 patients were 
enrolled: three patients at dose level 1 (afatinib at 30 mg/day 
and bevacizumab at 15 mg/kg) and three patients at dose 
level 2 (afatinib at 40 mg/day and bevacizumab at 15 mg/kg)  
in the dose-finding cohort. One patient was excluded from 
the main analysis because it was found that the patient 
had been treated with concomitant hyperthermia therapy 
at another institution after enrollment. Eleven patients 
were administered the RD (afatinib at 30 mg/day and 
bevacizumab at 15 mg/kg) in the expansion cohort. The 
patient characteristics are showed in Table 1. Six patients 
had EGFR exon 19 deletions, and 10 patients had exon 21 
L858R mutations. Five patients had a treatment history 
with EGFR-TKIs.

Evaluation of DLTs in the dose-finding cohort

No DLTs occurred at dose level 1. At dose level 2, two of 
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two patients experienced DLTs (grade 3 diarrhea; n=2) in 
cycle 1. At this point, even with another four patients not 
experiencing DLTs, the incidence of DLTs at dose level 2 
was higher than 30%. From these results, we decided that 
dose level 2 was greater than the MTD, and dose level 1 
was appropriate for the RD. Therefore, we administered 

patients in the expansion cohort with afatinib at a dose of 
30mg once daily plus bevacizumab at a dose of 15 mg/kg 
intravenously repeated at 3-week cycles. All DLTs recovered 
soon after the discontinuation of afatinib. Two patients who 
developed DLTs were able to continue this combination 
therapy with a reduced dose of afatinib.

Table 1 Patient characteristics

Characteristics
All patients Dose-finding cohort Expansion cohort

(n=16) Level 1 (n=3) Level 2 (n=2) (n=11)

Age (years)

Median 63 62 67.5 64

Range 44−73 44, 62, 63 63, 72 47−73

Sex

Male 5 0 1 4

Female 11 3 1 7

ECOG PS

0 7 2 1 4

1 9 1 1 7

Smoking status

Never smoked 9 0 1 8

Smoker 7 3 1 3

Histology

Adenocarcinoma 16 3 2 11

Stage

IV 11 2 1 8

Postoperative recurrence 5 1 1 3

EGFR mutation status

Exon 19 deletion 6 3 0 3

Exon 21 L858R 10 0 2 8

Prior EGFR-TKIs

Yes* 5 1 0 4

No 11 2 2 7

*, four patients had been treated with first-generation EGFR-TKIs (gefitinib or erlotinib) and one patient with third-generation EGFR-TKI  
(investigational new drug). Dose level 1: afatinib (30 mg once daily) plus bevacizumab (15 mg/kg intravenously repeated at 3-week  
intervals). Dose level 2: afatinib (40 mg once daily) plus bevacizumab (15 mg/kg intravenously repeated at 3-week intervals). ECOG,  
Eastern Cooperative Oncology Group; PS, performance status; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
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AEs in all patients

Table 2 shows the AEs in all treatment courses. The numbers 
of treatment cycles were median of 12.5 (range, 4–28) 
cycles at afatinib 30 mg/day, and 6 and 30 cycles at afatinib 
40 mg/day. All 16 patients experienced AEs during the 
treatment (Table 2). There were no grade 4 or 5 toxicities.  
The frequent (>30%) AEs were diarrhea, rash acneiform, 
perionychia, mucositis oral, and hypertension. Grade  
3 toxicities included diarrhea (18.8%), perionychia (6.3%), 
and hypertension (6.3%). There were no treatment-related 
deaths or cases of interstitial lung disease in this phase I 
study.

Pharmacokinetics

Fourteen of 16 patients could be evaluated for the serum 

trough concentration of afatinib at steady state (Ctrough ss). The 
median Ctrough ss was 15.1 ng/mL (range, 8.1–38.1 ng/mL) 
in 12 patients receiving 30 mg/day. The Ctrough ss in two 
patients receiving 40 mg/day were 18.2 and 34.1 ng/mL, 
respectively. A dose-proportional increase in the Ctrough ss  
was not observed. The Ctrough ss, toxicity, and efficacy 
corresponding to each patient are shown in Table 3.

Antitumor activities

The RRs and disease control rates were 55% and 100% in 
EGFR-TKI-naïve patients and 0% and 100% in patients 
previously-treated with EGFR-TKIs, respectively (Table 4).  
A waterfall plot for the 16 patients is presented in Figure 1.  
At the data cut-off date, the median follow-up time was  
20.3 months. The median PFSs were 16.8 months (95% confidence 
interval: 4.4–18.8 months) in EGFR-TKI-naïve patients and  

Table 2 Adverse events in all treatment cycles

Adverse events
Afatinib 30mg/day* (n=14) Afatinib 40mg/day* (n=2)

Any grade, n [%] Grade 3, n [%] Any grade, n [%] Grade 3, n [%]

Diarrhea 11 [79] 1 [7] 2 [100] 2 [100]

Rash acneiform 10 [71] 0 2 [100] 0 

Perionychia 8 [57] 1 [7] 0 0

Mucositis oral 7 [50] 0 2 [100] 0

Hypertension 3 [21] 1 [7] 1 [50] 0

Dry skin 3 [21] 0 1 [50] 0

Epistaxis 3 [21] 0 0 0

Anorexia 2 [21] 0 1 [50] 0

Proteinuria 2 [21] 0 1 [50] 0

Constipation 1 [7] 0 0 0

Peripheral sensory neuropathy 1 [7] 0 0 0

Edema limbs 1 [7] 0 0 0

Fatigue 1 [7] 0 0 0

Nausea 1 [7] 0 0 0

Bronchopulmonary hemorrhage 1 [7] 0 0 0

Dysgeusia 1 [7] 0 0 0

AST/ALT increase 1 [7] 0 0 0

Vomiting 0 0 1 [50] 0

Urinary tract infection 0 0 1 [50] 0

*, afatinib (30 or 40 mg once daily) plus bevacizumab (15 mg/kg intravenously repeated at 3-week intervals).
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4.9 months (95% confidence interval: 4.3–15.4 months)  
in patients pretreated with EGFR-TKIs (Figure 2). The 
antitumor effects of EGFR exon 21 L858R and exon 19 
deletion are shown in Figures S1-S4. Of the 16 patients, 
only two patients died of disease progression before data 
cutoff.

Resistance mechanisms

Of 16 patients, 13 had disease progression at the time 
of data cutoff. The most common site of progression 
manifesting as lesions was the intrathoracic lesion  
(10 patients). Only three patients had disease progression 
due to distant metastatic lesions: bone lesions in two patients  
and a brain lesion in one patient. Eight patients underwent 
re-biopsy after acquiring resistance to the combination 
therapy of afatinib with bevacizumab. T790M mutations 
were identified in three of eight patients (38%). Gene 
mutations other than EGFR were not evaluated in this study.

Discussion

In this phase I trial, afatinib at a dose of 30 mg/day and 
bevacizumab at a dose of 15 mg/kg were defined as the 
RD. In another phase I study of the combination therapy 
of afatinib with bevacizumab in Japan, a similar dose was 
reported to be tolerable (16). Based on these results, afatinib 

Table 3 Afatinib serum trough concentration, toxicity and efficacy in each patient

Patient
Dose finding cohort Expansion cohort

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

EGFR-TKI naïve Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No No Yes

Dose of AFA  
(mg/day)

30 30 30 40 40 30 30 30 30 30 30 30 30 30 30 30

Serum  
concentration of 
AFA (ng/mL)*1

27.1 8.1 11.1 18.2 34.1 17.0 9.0 23.7 10.3 38.1 16.3 13.4 8.9 13.9 missed missed

Toxicity*2 (1st cycle)

Skin toxicity G1 G0 G1 G1 G1 G0 G1 G1 G1 G1 G1 G2 G1 G0 G0 G0

Diarrhea G1 G2 G1 G3 G3 G1 G0 G0 G0 G0 G0 G1 G1 G0 G2 G0

Dose reduction Yes No Yes Yes Yes No No Yes Yes No No No Yes No No No

Toxicity*2 (all cycles)

Skin toxicity G3 G1 G2 G1 G1 G1 G1 G2 G1 G1 G2 G2 G1 G1 G0 G2

Diarrhea G0 G0 G1 G3 G3 G1 G0 G0 G3 G1 G0 G1 G1 G1 G2 G1

Efficacy

Best overall  
response

PR SD SD SD PR SD PR SD SD SD PR CR SD SD SD PR

PFS (months) 8.7 15.4 18.2 9.6 25.2+ 20.3+ 12.1 6.5 4.9 2.8 4.4 6.3+ 16.8 4.3 4.6 18.8

*1, at steady state in the first cycle; *2, Worst grade. G, grade; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; PFS, 
progression-free survival; CR, complete response; PR, partial response; SD, stable disease.

Table 4 Best response to treatment

All patients 
(n=16)

TKI naïve 
(n=11)

Pretreated with 
TKIs (n=5)

Complete response 1 1 0

Partial response 5 5 0

Stable disease 10 5 5

Progressive disease 0 0 0

Overall response rate 38% 55% 0%

Disease control rate 100% 100% 100%

TKI, tyrosine kinase inhibitor.

https://cdn.amegroups.cn/static/public/TLCR-20-824-supplementary.pdf
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at a dose of 30 mg once daily plus bevacizumab at a dose 
of 15 mg/kg intravenously repeated at 3-week intervals is 
considered an appropriate dose in Japanese patients. 

The recommended phase II dose of afatinib monotherapy 
is 50 mg once daily, according to a phase I trial (17).  
However, afatinib at 50 mg/day has been judged as 
intolerable in several phase II trials (18,19). Therefore, 
afatinib at 40 mg/day has been selected for phase III trials 
to evaluate the efficacy of afatinib (5,6), and this dose has 
been approved as the standard dose of afatinib monotherapy 
globally, including in Japan. However, afatinib at 40 mg/day  
may be more toxic for Japanese patients than for other 
populations. In a Japanese subgroup of the LUX-Lung 
3 trial, a phase III study that measured afatinib against 
platinum-doublet chemotherapy for patients with NSCLC 

harboring EGFR mutations, AEs that required dose 
reductions developed in 75.9% of patients treated with 
afatinib at 40 mg/day (20). Additionally, there were no 
significant differences in the efficacies between afatinib at 
<40 and ≥40 mg/day in a combined analysis of two phase  
III trials of afatinib monotherapy (21). Afatinib at 30 mg/day 
may be an optimal dose for Japanese patients with EGFR-
mutant NSCLC, regardless of whether it is administered 
with or without bevacizumab.

Large inter-individual variability in the Ctrough ss was 
observed. It has been reported that the severity of diarrhea 
and rash are correlated with the exposure of afatinib (22,23). 
However, the Ctrough ss in two patients who developed 
DLTs involving grade 3 diarrhea (18.2 and 34.1 ng/mL, 
respectively) were not significantly higher compared to that 
in other patients. Therefore, there are inconsistencies in the 
dose-exposure and exposure-toxicity relationships, while we 
decided that the RD is 30 mg/day.

The median PFSs associated with afatinib plus 
bevacizumab were 16.8 months in EGFR-TKI-naïve 
patients and 4.9 months in patients previously-treated with 
EGFR-TKIs in our study. By comparison, the median 
PFS associated with afatinib monotherapy in patients with 
treatment-naïve advanced NSCLC with EGFR mutations 
has been reported to be 11.0–13.6 months (5,6,10). These 
data suggest the positive effect of bevacizumab on afatinib. 
Currently, a randomized phase II trial to compare the 
efficacies of afatinib and afatinib plus bevacizumab in 
patients with untreated NSCLC harboring EGFR mutations 

Figure 1 Waterfall plot of the best percentage change in individual patients in response to afatinib with bevacizumab.
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Figure 2 Kaplan-Meier curves of progression-free survival 
following afatinib plus bevacizumab treatment.
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is ongoing (CRB6180001). Meanwhile, a phase II study to 
assess the outcomes of afatinib plus bevacizumab in patients 
pretreated using EGFR-TKIs has already been reported. 
In this trial, the RR, disease control rate, and median PFS 
associated with afatinib plus bevacizumab were reported 
as 18.8%, 90.7%, and 6.3 months, respectively (24).  
This combination therapy might be beneficial as an EGFR-
TKI re-challenge therapy.

Re-biopsy was conducted in 8 patients once disease 
progression was detected following this combination 
therapy, and 3 patients (38%) acquired EGFR exon 20 
T790M mutations. Meanwhile, the frequency of secondary 
T790M mutations is 33.3–48.8% in patients treated with 
afatinib monotherapy (25,26). However, there are limited 
data corresponding to the resistance mechanisms of afatinib 
with bevacizumab, and the effect of bevacizumab on the 
frequency of T790M mutations is unclear. Recently, several 
reports have suggested the promising effect of osimertinib 
in patients with EGFR-mutated NSCLC who have acquired 
resistance to afatinib by secondary T790M mutations 
(27,28). Further examination of resistance mechanisms of 
afatinib plus bevacizumab is expected.

Conclusions

In conclusion, the RD of the combination therapy of 
afatinib plus bevacizumab is afatinib at a dose of 30 mg/day  
plus bevacizumab at a dose of 15 mg/kg q3w, and this 
combination at the RD is well tolerated in Japanese patients 
with advanced non-squamous NSCLC harboring EGFR 
mutations. The efficacy of this combination therapy seems 
to be promising, and larger-scale studies are warranted to 
assess the toxicity and efficacy of this combination therapy 
further.
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Supplementary

Figure S1 Waterfall plot of the best percentage change in patients with EGFR exon 21 L858R in response to afatinib with bevacizumab.

Figure S2 Waterfall plot of the best percentage change in patients with EGFR exon 19 deletion in response to afatinib with bevacizumab.
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Figure S3 Kaplan-Meier curves of progression-free survival following afatinib with bevacizumab treatment in patients with EGFR exon 21 
L858R.

Figure S4 Kaplan-Meier curves of progression-free survival following afatinib with bevacizumab treatment in patients with EGFR exon 19 
deletion.
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