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Background: In recent years, osimertinib, a third-generation epidermal growth factor receptor tyrosine 
kinase inhibitor (EGFR-TKI), has been recommended as a first-line treatment for EGFR-mutant advanced 
non-small cell lung cancer (NSCLC). A phase III study (AENEAS) to assess the efficacy and safety of 
aumolertinib, another third-generation EGFR-TKI, vs. gefitinib as a first-line treatment in patients with 
locally advanced or metastatic NSCLC harboring EGFR mutations has also achieved positive results. Despite 
the improvements in progression-free survival (PFS) and overall survival (OS) of third- vs. first-generation 
EGFR-TKIs, combined treatment strategies to postpone drug resistance and further prolong survival 
benefits remain to be explored.
Methods: We conducted a nonrandomized phase II trial (ChiCTR2000035140) of an oral multitarget 
antiangiogenic TKI (anlotinib) with third-generation EGFR-TKIs (osimertinib or aumolertinib) in 
untreated patients with EGFR mutation and advanced NSCLC. Anlotinib and the third-generation EGFR-
TKIs were orally administrated (anlotinib at a dose of 12 mg once every other day and osimertinib at  
80 mg once daily or aumolertinib at 110 mg once daily). The primary end point of the study was the 
objective response rate (ORR). Secondary endpoints included the disease control rate (DCR), OS, PFS, and 
safety of the combined treatment.
Results: Enrollment was ceased due to treatment-related adverse events (trAEs) after 11 of 35 planned 
patients were treated. Among these 11 patients, two were lost to follow-up, and the treatment of five of 
the remaining nine patients was discontinued due to trAEs, including stomachache, rash, hyponatremia, 
pulmonary embolism, and interstitial pneumonia. AEs of grade 3 or worse were observed in five patients, but 
no treatment-related death occurred in these patients.
Conclusions: Combining anlotinib and third-generation EGFR-TKIs in untreated EGFR-mutant 
patients with advanced NSCLC demonstrated significantly increased toxicity, suggesting that the combined 
treatment strategy was an inappropriate therapeutic choice in this setting.
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Introduction

Epidermal growth factor receptor (EGFR) mutations are 
the most common driver genes in non-small cell lung 
cancer (NSCLC) which constitutes approximately 75–
80% of all lung cancers (1). EGFR mutations are present 
in approximately 10% of cases in North America and 
Western Europe and about 30–50% of cases in East Asian  
countries (2). In selected NSCLC groups, the mutation rate 
could be over 50% (3). With the further understanding of 
molecular mechanisms in the etiology and drug resistance of 
EGFR mutations in lung cancers, tyrosine kinase inhibitors 
[TKIs; small molecular inhibitors targeting EGFR-
mutations (EGFR-TKIs)] have been rapidly developed in 
recent years (4-7). EGFR-TKIs have dramatically improved 
outcomes and are the first-line treatment choice for patients 
with locally advanced or metastatic NSCLC harboring 
EGFR mutations (8). For these patients, osimertinib, a 
third-generation EGFR-TKI, showed superior efficacy, 
similar safety, and lower rates of serious adverse events 
(AEs) when compared to first- or second-generation 

EGFR-TKIs, such as gefitinib, erlotinib, or afatinib (9,10). 
Consequently, osimertinib has been recommended as a 
first-line treatment of EGFR-mutant advanced NSCLC. 
Positive results have also been reported from the AENEAS 
study, a randomized phase III clinical trial designed to 
assess the efficacy and safety of aumolertinib, another third-
generation EGFR-TKI, vs. gefitinib as a first-line treatment 
in patients with locally advanced or metastatic NSCLC 
harboring EGFR mutations (11). The primary end point, 
progression-free survival (PFS), was significantly longer 
with aumolertinib than with gefitinib. The secondary end 
point, overall survival (OS), has not been reached yet. 
Despite their improvements in PFS and OS over first- and 
second-generation EGFR-TKIs, the benefits from third-
generation EGFR-TKIs are still transient, and disease 
progression inevitably occurs. Acquired resistance remains 
the major limitation of monotherapy with EGFR-TKIs (12).  
Thus, combination treatment strategies to postpone drug 
resistance and prolong survival benefits remain to be 
explored.

Vascular endothelial growth factor (VEGF) is another 
therapeutic target in NSCLC. The binding of VEGF to the 
VEGF receptor (VEGFR) promotes tumor angiogenesis 
and indirectly encourages tumor growth. It has been 
reported that the activation of EGFR could induce VEGF 
expression (13-16). Preclinical studies have suggested that 
re-induction of VEGF and subsequent direct or indirect 
VEGF-dependent tumor growth was a major mechanism 
of EGFR-TKI resistance, and simultaneous blockade of 
VEGF/VEGFR and EGFR pathways could eliminate both 
primary resistance to EGFR-TKIs and acquired resistance 
due to the EGFR T790M mutation (17,18). Consequently, 
many clinical studies have investigated the dual inhibition of 
EGFR-TKIs combined with VEGF or VEGFR inhibitors 
to treat EGFR-mutant advanced NSCLC. Bevacizumab is 
a VEGF monoclonal antibody. A phase II trial suggested 
gefitinib combined with bevacizumab was a favorable and 
well-tolerated first-line therapy for patients with advanced 
NSCLC with activating EGFR mutations (19). The ORR 
of the combined treatment was 73.8% and the median 
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OS was not reached at the time of survival analysis. In 
the J025567 and NEJ026 studies, combined erlotinib 
and bevacizumab therapy improved PFS compared with 
erlotinib alone in patients with EGFR-positive advanced 
non-squamous NSCLC (20,21). However, in the J025567 
study, the combined therapy did not show significant OS 
benefit (47.0 vs. 47.4 months erlotinib alone, hazard ratio 
0.81; P=0.3267). Similarly, erlotinib plus ramucirumab, a 
VEGFR2 monoclonal antibody, demonstrated superior 
PFS compared with placebo plus erlotinib in patients 
with untreated EGFR-mutated metastatic NSCLC (22). 
EGFR-TKIs plus bevacizumab showed better survival 
benefits for patients with multiple brain metastases than 
EGFR-TKIs alone (23). Addition of bevacizumab had a 
significantly higher intracranial ORR (66.1% vs. 41.6%, 
P=0.001), systematic ORR (74.6% vs. 57.1%, P=0.019) and 
longer OS (29.6 vs. 21.7 months, P<0.001). Furthermore, 
a phase 1/2 study combining osimertinib and bevacizumab 
as a first-line treatment for EGFR-mutant lung cancers 
achieved the primary effectiveness end point of 12-month 
PFS and showed promising activity against central nerve 
system (CNS) metastases (24). The ORR was 80% (95% 
confidence interval, 67–91%), the median OS was not 
reached at the time of analysis.

However, bevacizumab and ramucirumab need to be 
administrated intravenously and may cause allergies, which 
limit their clinical application to some extent. Anlotinib is 
an oral multitarget TKI for inhibiting tumor angiogenesis 
and proliferative signaling (25,26). The ALTER-0303 trial 
showed that patients with advanced NSCLC who received 
anlotinib as third-line or further therapy showed greater 
survival benefits, and anlotinib was well tolerated among 
these patients (27). Based on these facts, China’s National 
Medical Products Administration (NMPA) approved 
anlotinib as a third-line treatment for NSCLC in 2018. 
Currently, clinical trials using anlotinib combined with 
chemotherapy as a first- or second-line treatment for 
NSCLC are in progress, with great expectations of positive 
results. It has been reported that anlotinib combined 
with gefitinib significantly inhibited the proliferation of 
EGFR-TKI-resistant NSCLC cells in vitro and in vivo 
(28,29). Concurrent use of anlotinib overcomes acquired 
resistance to EGFR-TKIs (gefitinib, erlotinib, icotinib, 
afatinib) in advanced EGFR-mutant NSCLC patients (29). 
A case report suggested that a combination of osimertinib 
and anlotinib might overcome the resistance mediated by 
in cis EGFR T790M-C797S in NSCLC (30). It has also 
been reported that anlotinib overcame acquired resistance 

to EGFR-TKIs via fibroblast growth factor receptor 1 
(FGFR1) signaling in NSCLC without the EGFR T790M 
mutation (31). Histological transformation to small cell 
lung cancer in lung cancers bearing EGFR driver genes is 
another mechanism of resistance to EGFR-TKI treatment 
(32-34). A multicenter retrospective study revealed that 
anlotinib showed better efficacy in these patients after 
SCLC transformation than platinum-etoposide, which was 
the most common treatment regimen (35). Considering 
the above evidence, we hypothesized that combining third-
generation EGFR-TKIs with anlotinib in untreated EGFR-
mutant patients with advanced NSCLC might postpone 
drug resistance and further prolong their survival benefits. 
Besides, both drugs are orally administered, which is 
convenient for medication and could improve the patients’ 
compliance with treatment. Accordingly, we conducted a 
phase II trial to assess the efficacy and safety of anlotinib 
plus osimertinib or aumolertinib in untreated patients 
with EGFR mutations and advanced NSCLC. We present 
this article in accordance with the TREND reporting 
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-23-175/rc).

Methods

Patients

Eligible patients were aged 18 to 75 years old, had untreated 
stage IIIB–IV NSCLC (according to the 8th edition 
American Joint Committee on Cancer staging system), 
adequate organ function, a life expectancy of 3 months or 
more, and an Eastern Cooperative Oncology Group (ECOG) 
performance status of 2 or lower. The primary inclusion 
criteria were as follows: (I) EGFR mutation-positive, with or 
without T790M mutations; (II) at least one measurable lesion 
based on the Response Evaluation Criteria in Solid Tumors 
(RECIST) 1.1. Patients were excluded if they had previously 
received chemotherapy, radiotherapy, or EGFR and/or 
VEGF and VEGFR inhibitors; if they had coagulation 
disorders or spontaneous bleeding; or contraindications to 
third-generation EGFR-TKIs or anlotinib. Patients with 
asymptomatic brain metastases were considered eligible to 
enroll in the study. Written informed consent was obtained 
from all enrolled patients. The reported ORRs were 80% 
of osimertinib alone, and 73.8% of aumolertinib alone. The 
average ORR was 76.9%. Thirty-one events were deemed 
necessary to detect an ORR of 95.1% of the third generation 
EGFR-TKIs plus anlotinib, with a two-sided significance 
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level of 0.05 and a power of 0.8. The target sample size was 
set at 35, allowing for dropouts, calculated by SPSS (IBM 
Corp., Armonk, NY, USA).

Study design

This study was a nonrandomized, single-center, single-
arm, open-label, and prospective phase II clinical trial  
(Figure S1). Patients who voluntarily chose to participate 
were enrolled from the Department of Thoracic Oncology 
at the Cancer Center of the Fifth Affiliated Hospital of Sun 
Yat-sen University. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
The study was approved by the Ethics Board of the Fifth 
Affiliated Hospital of Sun Yat-sen University (No. ZDWY-
2020-K46-1). All eligible patients received anlotinib 
and a third-generation EGFR-TKI (osimertinib or 
aumolertinib) simultaneously until progressive disease (PD) 
or unacceptable toxicity occurred. Osimertinib was orally 
administrated at a dose of 80 mg/day and aumolertinib at 
110 mg/day. From our clinical observations, almost 50% 
of patients who received standard-dose anlotinib treatment 
required dose adjustments; thus, in the combined regimen, 
anlotinib was given at a dose of 12 mg once every other day 
to reduce related toxicity. The drugs were prescribed by 
trained specialists. The estimated time for enrollment was 1 
and 2 years for study completion.

The primary end point of the study was the objective 
response rate (ORR). Secondary endpoints included the 
safety of the combined treatment and the additional efficacy 
endpoints of disease control rate (DCR), OS, and PFS.

Study assessments

During treatment, computed tomography imaging was 
performed every 6 weeks and evaluated by RECIST 1.1. 
The safety of the treatment was assessed by the occurrence 
of AEs, and the investigators graded the severity of the 
AEs according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events (NCI-CTCAE) 
version 4.0. Treatment discontinuation occurred at the time 
of radiographically identified PD, unacceptable toxicity, 
withdrawal of consent, or the investigators’ decision. After 
combined anlotinib and third-generation EGFR-TKI 
treatment was completed, patients were followed up for 
safety evaluation of subsequent EGFR-TKI treatment as an 
additional endpoint.

Statistical analysis

Demographic and safety data and AE occurrence were 
collected on all patients. Toxic effects were analyzed 
using descriptive statistics. Enrollment was ceased due 
to treatment-related AEs (trAEs) after 11 of 35 planned 
patients were treated. Consequently, 11 eligible patients 
were enrolled in the trial in total, while two patients were 
lost to follow-up. The ORR (complete response + partial 
response), DCR (complete response + partial response + 
stable disease), PFS, and OS were calculated in the per-
protocol population of nine patients. The data cutoff was 
February 2, 2021, for all analyses.

Results

Patient characteristics

Between July 2020 and February 2021, a total of 11 eligible 
patients with adenocarcinoma were enrolled in the trial. 
The baseline clinical characteristics are provided in Table 1. 
Their median age was 68 years (range, 47–73 years). Four 
(36.4%) were male, 2 (18.2%) were smokers, 5 (45.5%) 
had EGFR 19DEL mutations, 6 (54.5%) had EGFR L858R 
mutations, 9 (81.8%) received osimertinib and anlotinib, 
and 2 (18.2%) received aumolertinib and anlotinib  
(Table S1). Brain metastases were present in 9 patients 
(81.8%). Two (18.2%) patients were lost to follow-up 
before the first imaging assessment. A total of nine patients 
were eventually included in the final analysis. At the time of 
data cutoff, the median duration of follow-up was 84 days, 
and four patients remained on the combined therapy.

Efficacy

At the time of data cutoff, one patient out of the nine 
included had discontinued the trial due to trAEs before the 
first imaging assessment but did show evidence of tumor 
regression on the CT scan (the first imaging assessment 
was performed after 6 weeks of medication according to 
the study design, while this patient took a CT scan due to 
dyspnea caused by pulmonary embolism only after 4 weeks 
of medication). Of the remaining eight patients, confirmed 
partial response was the best response in four patients, 
while four exhibited stable disease. None showed disease 
progression (Figure 1). The ORR for the combined therapy 
was 44.4%, and the DCR was 88.9%. Neither median PFS 
nor OS was reached at the time of data cutoff.
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Safety

Fifty-six percent (5/9) of treated patients experienced 
trAEs of grade 3 or higher with the combined therapy, 
including stomachache, rash, hyponatremia, pulmonary 
embolism, and interstitial pneumonia, which led to trial 
discontinuation in these five patients (Table 1, Table S2). 
Among these five patients, three received osimertinib (3 
of 7, 7 patients in total in this study received osimertinib 
and anlotinib), and two received aumolertinib (2 of 2,  
2 patients in total received aumolertinib and anlotinib) 

in the combined regimen. The only grade 4 trAE was 
pulmonary embolism, and there was no grade 5 trAEs 
reported with the combined therapy. All trAEs were 
reversible after trial discontinuation.

Decision regarding study discontinuation

This trial was designed as a small exploratory study to assess 
the feasibility of combining third-generation EGFR-TKIs 
with anlotinib in untreated EGFR-mutant patients with 
advanced NSCLC. Despite the 44.4% ORR and 88.9% 
DCR, the trial was discontinued for more than half of the 
patients due to trAEs. Therefore, the study was closed to 
further enrollment based on toxicity, with an enrollment of 
only 11 of 35 planned patients.

Safety of subsequent EGFR-TKI treatment after trial 
discontinuation

All five patients who discontinued the trial received 
subsequent EGFR-TKI treatment. Three patients who 
had previously received osimertinib and anlotinib were 
treated with osimertinib alone afterward. Likewise, the 

Table 1 Baseline characteristics of patients

No.
Age 

(years)
Gender Smoker Histology

Clinical 

stage

CNS 

metastases
ECOG

EGFR 

mutation

EGFR-TKI 

choice
trAEs [grade]

Best 

response†

Time on 

trial (m)

TKI 

after 

trial

TKI-related 

AEs [grade]

1 51 M No ADC IVB No 1 19DEL Osimertinib Stomachache [3],  

rash [2]

PR 2.0 Yes Rash [1]

2 47 F No ADC IVB Yes 2 19DEL Osimertinib Rash [3] PR 2.7 Yes None

3 72 F No ADC IVB Yes 2 L858R Osimertinib Diarrhea [2], 

hyponatremia [3]

SD 4.3 Yes Hyponatremia 

[1]

4 68 F No ADC IIIC No 1 L858R Osimertinib N/A N/A N/A N/A N/A

5 70 F No ADC IVB Yes 2 L858R Osimertinib None SD OT N/A N/A

6 67 M No ADC IVB Yes 2 L858R Osimertinib N/A N/A N/A N/A N/A

7 73 F No ADC IVB Yes 2 L858R Osimertinib None SD OT N/A N/A

8 62 F Yes ADC IVB Yes 2 19DEL Osimertinib None PR OT N/A N/A

9 69 M No ADC IVB Yes 2 19DEL Aumolertinib Pulmonary  

embolism [4]

N/A 0.8 Yes None

10 71 F No ADC IVB Yes 1 19DEL Osimertinib None PR OT N/A N/A

11 68 M Yes ADC IVB Yes 1 L858R Aumolertinib Interstitial  

pneumonia [3]

SD 2.0 Yes None

†, the time of assessment of the endpoints was from August 2021 to September 2021. CNS, central nerve system; ECOG, Eastern Cooperative Oncology 

Group; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; trAEs, treatment-related adverse events; AEs, adverse events; M, male; ADC, 

adenocarcinoma; DEL, deletion; PR, partial response; F, female; SD, stable disease; N/A, not applicable; OT, continues on trial.
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Figure 1 Waterfall plot of best response for target lesions stratified 
by patient for those with evaluable radiographic images. PR, partial 
response; SD, stable disease.
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remaining two patients received subsequent aumolertinib 
treatment, one of whom eventually switched to icotinib 
due to the recurrence of interstitial pneumonia. All patients 
demonstrated good tolerance to ongoing EGFR-TKI 
treatment. One patient developed a grade 1 rash, and 
another developed grade 1 hyponatremia (Table 1). There 
was no grade 2 or higher trAEs reported. The four patients 
who showed no signs of trAEs in the trial continued using 
the study drug combo.

Discussion

To our knowledge, this is the first phase II study combining 
third-generation EGFR-TKIs and anlotinib as a first-
line treatment for EGFR-mutant advanced NSCLC. 
In this study, we selected two third-generation EGFR-
TKIs, osimertinib and aumolertinib, to combine with 
anlotinib. Both drugs have been proven safe and effective 
as monotherapy in EGFR-mutant advanced NSCLC. 
However, adding anlotinib to the third-generation EGFR-
TKIs significantly increased the incidence of trAEs 
compared with monotherapy of the third-generation 
EGFR-TKIs. The trial was discontinued for more than 
half of the patients due to trAEs. Although the estimated 
ORR and DCR of the combined regimen were lower than 
osimertinib alone, as reported in the FLAURA trial (9), 
it is still too early to assert that the combined therapy was 
inferior to monotherapy. First, the number of patients 
treated in the trial was limited due to premature closure for 
significant toxicity. And the one patient who discontinued 
the trial before the first imaging assessment had evidence of 
tumor regression on their CT scan. Second, patients with 
an ECOG performance status of 2 or lower were eligible 
for this study, and the ECOG performance status of most 
patients (67%) was 2, whereas in the FLAURA trial, such 
patients were excluded. Meanwhile, 81.8% of our patients 
had CNS metastases, in contrast to only 19% of patients 
in the FLAURA trial. Finally, subgroup analyses of the 
FLAURA trial revealed that osimertinib was more effective 
in patients with the exon 19 deletion than those with the 
L858R mutation (10). Thirty-five percent of patients in the 
FLAURA trial had L858R mutations, and 57% had exon 
19 deletions. However, in our trial, more than half of the 
patients had L858R mutations.

The reported trAEs of the combined therapy included 
stomachache, rash, diarrhea, hyponatremia, pulmonary 
embolism, and interstitial pneumonia, consistent with those 
reported for third-generation EGFR-TKIs and anlotinib. 

However, trAEs of grade 3 or higher were observed in 
more patients in our trial than those receiving osimertinib 
monotherapy in the FLAURA trial (55.5% vs. 35%). The 
possible reasons might include an overlap of the toxicity 
of the third-generation EGFR-TKIs and anlotinib, 
heterogeneity in the patients’ performance status and CNS 
metastases status, etc. Five patients went off the trial due to 
grade 3 or higher trAEs, but there was no treatment-related 
death. All trAEs were reversible after trial discontinuation. 
The rate and severity of trAEs were significantly decreased 
in the subsequent EGFR-TKI treatment.

However, limitations of the study design including single 
arm, single center and unblinded etc. weakened the stability 
and credibility of experimental results to some extent.

Conclusions

In summary, our preliminary data suggested that combining 
third-generation EGFR-TKIs with anlotinib as the initial 
treatment might significantly increase toxicity in EGFR-
mutant patients with advanced NSCLC. Therefore, we 
conclude that the combined treatment strategy is not an 
appropriate therapeutic choice in this setting.
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