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Abstract
Objective: To retrospectively analyze the efficacy and safety of osimertinib combined
with anlotinib in the treatment of advanced non-small-cell lung cancer (NSCLC) after
drug resistance, and to explore the related factors affecting the efficacy.
Methods: The clinical data of 34 patients with advanced NSCLC who received osimerti-
nib combined with anlotinib as three or more lines of treatment in the Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College from June 2019
to March 2022 were collected, and the therapeutic efficacy and safety were analyzed.
Results: A total of 34 advanced NSCLC patients met the inclusion criteria. The objec-
tive response rate was 20.6%, the disease response rate was 88.2%, the
median overall survival was 19.0 months, and the median progression-free
survival was 6.0 months. The common adverse events were mainly grade 1–2, and
only three cases (11.1%) of adverse events were grade 3, including hypertension, pro-
teinuria, and vomiting. No grade 4 or above adverse events were observed. Multivari-
ate Cox regression analysis showed that the Eastern Cooperative Oncology Group
Performance Status score and bone metastasis were independent prognostic factors
for osimertinib combined with anlotinib as three or more lines of treatment in
advanced NSCLC.
Conclusions: Osimertinib combined with anlotinib as three or more lines of treat-
ment in advanced NSCLC was effective and adverse events were tolerable.
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INTRODUCTION

Lung cancer is the most common cause of cancer-related
death worldwide, accounting for approximately 1.6 million
deaths each year, of which non-small-cell lung cancer
(NSCLC) accounts for about 85%.1 The discovery of muta-
tions in the epidermal growth factor receptor (EGFR) gene
has ushered in a new era of NSCLC treatment.2 Based on
the AURA trial for EGFR driver-positive NSCLC patients,
the third-generation EGFR tyrosine kinase inhibitor (TKI)
osimertinib has become the standard of care for patients
with T790M mutations who acquired resistance to first- and
second-generation EGFR-TKIs.3 In addition, the FLAURA
trial showed that the clinical efficacy of osimertinib in the

first-line treatment of advanced NSCLC with EGFR muta-
tions was significantly superior to that of the first-generation
EGFR TKIs.4 However, acquired resistance to osimertinib is
still inevitably emerging.5 Currently, there are very limited
options for treatment after resistance to osimertinib. It was
reported that resistance to EGFR-TKI may be associated
with enhanced levels of vascular endothelial growth factor
(VEGF), and dual inhibition of the VEGFR and EGFR sig-
naling pathways shows potential to overcome resistance to
osimertinib.6 Anlotinib is an oral novel multitargeted TKI
that inhibits angiogenesis and tumor cell proliferation by
targeting VEGFR, platelet-derived growth factor receptor
(PDGFR), fibroblast growth factor receptors (FGFRs), tyro-
sine kinase (c-Kit).7 The purpose of this study was to

Received: 13 December 2022 Accepted: 27 January 2023

DOI: 10.1111/1759-7714.14819

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.
© 2023 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.

Thorac Cancer. 2023;14:873–880. wileyonlinelibrary.com/journal/tca 873

https://orcid.org/0000-0003-3015-6615
https://orcid.org/0000-0002-6652-2384
https://orcid.org/0000-0002-3342-4964
mailto:liuyutao@ciscms.ac.cn
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/tca


analyze the efficacy and safety of EFGR T90M-positive
NSCLC patients who received osimertinib combined with
anlotinib as the third-line and post-third-line treatments
after resistance to osimertinib, and to further explore the
potential prognostic factors.

MATERIALS AND METHODS

Patients

In this study, a total of 34 patients with advanced NSCLC
after resistance to osimertinib who received osimertinib
combined with anlotinib as third-line and post-third-line
treatments between June 2019 and March 2022 were retro-
spectively collected through the electronic medical record
system of the Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College.

Inclusion criteria

(1) Age ≥18 years with an Eastern Cooperative Oncology
Group Performance Status (ECOG PS) score of 0–2.
(2) Cytological or histological diagnosis of NSCLC.
(3) Stage III/IV according to the American Joint Committee
on Cancer (AJCC) stage of lung cancer.
(4) With EGFR sensitive mutation (exon 19 del and exon
21 L858R) and EGFR T790M mutations, acquiring drug
resistance after receiving a first- or second-generation
EGFR-TKI, then acquiring drug resistance after receiving
osimertinib.
(5) Having at least one measurable lesion, evaluated for clin-
ical efficacy according to the Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1.
(6) No contraindications to anlotinib found in clinical rou-
tine examination prior to treatment.
(7) Life expectancy of 3 months or more.

Exclusion criteria

(1) Severe functional impairment of heart, lung, kidney, or
other important organs.
(2) Obvious symptoms of hemoptysis or hemoptysis volume
>50 ml/d.
(3) Coagulation disorders and other bleeding diseases.
(4) Pregnant or lactating women.
(5) Incomplete clinical data and lack of follow-up
information.

Therapeutic regimen

Patients meeting the inclusion criteria were given 80 mg of
osimertinib orally once a day, combined with anlotinib
orally. The initial dosage of anlotinib was 12 mg, and

anlotinib was stopped for 1 week after 2 weeks of continu-
ous medication. Patients received anlotinib every 3 weeks as
a treatment cycle until disease progressed or adverse events
could not be tolerated. Dose was adjusted or stopped
depending on the adverse events.

Assessment of clinical efficacy

According to RECIST 1.1, all patients were evaluated for
clinical efficacy and safety by magnetic resonance imaging
(MRI) and/or computed tomography (CT), hematologic
tumor indicators, and other conditions every two
cycles(every 6 weeks). Primary endpoints were progression-
free survival (PFS) and overall survival (OS). Secondary
endpoints were the objective response rate (ORR) and the
disease control rate (DCR). The follow-up period was up to
March 2022.

Evaluation criteria for adverse events

The grade of adverse events in patients treated with osimer-
tinib combined with anlotinib was evaluated and the inci-
dence of severe adverse events (grade 3 and above) was
counted according to Common Terminology Criteria for
Adverse Events (CTCAE) 5.0.

Statistical method

SPSS 25.0 statistical software was used for statistical analysis.
Kaplan–Meier and log-rank tests were used for survival
analysis and survival curve. Univariate and multivariate ana-
lyses was conducted by the Cox regression model. The value
p < 0.05 was defined as statistically significant.

RESULTS

Baseline characteristics

A total of 34 patients (14 males and 20 females) meeting the
inclusion criteria was collected. The median age was
65 years, of which 21 patients were 65 years or older. There
were four former smokers and 30 nonsmokers. The ECOG
PS score was 0–1 in 30 cases, 2 in four cases, EGFR exon
19 deletion occurred in 16 patients, and EGFR exon
21 L858R in 18 patients. There were eight patients with a
family history of cancer, 21 patients with primary diseases
(such as hypertension, diabetes, coronary heart disease, cere-
bral infarction, etc.), 24 patients had a history of chemother-
apy, eight patients had a history of receiving bevacizumab,
eight patients had a history of thoracic radiotherapy,
12 patients had a history of surgery, 16 patients had brain
metastases, eight patients ha bone metastasis, three patients
had liver metastasis, eight patients had pleural metastasis,
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and six patients had malignant pleural effusion. The baseline
characteristics are shown in Table 1.

Clinical efficacy

The ORR and DCR of patients with advanced NSCLC trea-
ted with osimertinib combined with anlotinib as the third-
line and post-third-line treatments were 20.6% and 88.2%,
including no cases with complete response (CR), seven cases
with partial response (PR), 23 cases of stable disease (SD),
and four cases of progressive disease (PD).

Survival analysis

Survival analysis was performed by Kaplan–Meier to calcu-
late the PFS and OS of osimertinib combined with anlotinib.
The results showed the median progression-free survival
(mPFS) was 6.0 months (95% confidence interval [CI] 4.8–
7.2) and median overall survival (mOS) was 19.0 months
(95% CI 13.1–24.9) for osimertinib plus anlotinib (Figures 1
and 2).

Safety evaluation

Toxicity was assessed in all patients. The most common
adverse events were grade 1–2, including hand and foot syn-
drome, hemoptysis, epistaxis, hypertension, general fatigue,
vomiting, diarrhea, weight loss, proteinuria, etc. A total of
three cases (11.1%) of grade 3 adverse events occurred,
including one case of grade 3 hypertension, which improved
after drug withdrawal and antihypertensive treatment.
Grade 3 vomiting occurred in one case, and the symptoms
were improved after using antiemetics and gastric protec-
tion. Grade 3 proteinuria occurred in one case and gradually
improved after drug withdrawal. No grade 4 or above
adverse events occurred (Table 2).

Subgroup analysis

The factors that might influence the efficacy of 34 patients
receiving osimertinib combined with anlotinib were ana-
lyzed by log rank test. The results showed that there were no
significant differences in mPFS among patients with differ-
ent sex, age, EGFR genotype, family history, smoking his-
tory, history of receiving chemotherapy or bevacizumab,
surgery, liver metastasis, pleural metastasis, and malignant
pleural effusion. The mPFS of ECOG PS 0–1 group and
ECOG PS 2 group were 7.0 months and 2.0 months, respec-
tively, and there was a statistical difference between the two
groups (p < 0.05). The mPFS of patients with and without
thoracic radiotherapy history were 12.0 and 5.0 months,
respectively, and there was a statistical difference between
the two groups (p < 0.05). The mPFS of patients with and

without brain metastases were 4.0 months and 7.0 months,
respectively, and there was a statistical difference between
the two groups (p < 0.05). The mPFS of patients with and
without bone metastasis were 4.0 months and 7.0 months,
respectively, and the results were statistically different
between the two groups (p < 0.05) (Table 1).

Prognostic factors

Univariate analysis showed that ECOG PS score and bone
metastasis were significantly correlated with prognosis
(p < 0.05). Multivariate Cox regression analysis was per-
formed for the prognostic factors in univariate analysis. The
results showed that ECOG PS score and bone metastasis
were independent prognostic factors affecting the survival
outcomes of advanced NSCLC after resistance to osimerti-
nib combined with anlotinib (Table 3).

DISCUSSION

Osimertinib was initially approved for treatment of EGFR
driver-positive patients exhibiting a T790M resistance muta-
tion in the second-line setting and is now emerging as the new
standard of care for all EGFR mutation patients as the first-line
treatment. However, the issue of acquired drug resistance has
emerged. The resistance mechanisms are being explored,
mainly EGFR-dependent and EGFR-independent types, of
which mesenchymal-epithelial transition factor (MET) amplifi-
cation and C797S mutation are the two most common resis-
tance mechanisms.8 Currently, platinum-based combination
chemotherapy is the recommended standard of care,9 but
ongoing clinical trials have provided some new possibilities,10

for example targeted drug MET inhibitors,11 EGFR-TKIs in
combination with chemotherapy,12 chemotherapy in combina-
tion with immune checkpoint inhibitor (ICI)13 and VEGFR
inhibitors.14

Angiogenesis plays a crucial role in tumor growth and
metastasis, therefore blocking the angiogenesis pathway has
become a clinical strategy for cancer treatment.15 Mean-
while, the EGFR and VEGFR signaling pathways are closely
related and have crossover and synergistic effects.16 For
example, activation of EGFR can promote secretion of
VEGF, while inhibition of the EGFR and VEGFR signaling
pathways may have a synergistic effect in NSCLC with
EGFR sensitive mutations.17 Therefore, EGFR-TKI com-
bined with VEGFR inhibitors also provides a new option for
treatment after resistance to osimertinib. A study by Helena
et al. showed that in advanced NSCLC patients with EGFR
mutation who had not received EGFR-TKIs and/or VEGFR
inhibitors, the 12-month rate of PFS was 76% and mPFS
was 19 months when receiving osimertinib combined with
bevacizumab.18 A multicenter randomized controlled phase
II study of 81 patients with EGFR T90M mutation in
NSCLC, including 41 patients receiving osimertinib and
40 patients receiving osimertinib plus bevacizumab, showed
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T A B L E 1 Clinical characteristics of 34 non-small-cell lung cancer patients

Characteristic Total (n) Proportion (%) mPFS (m) χ 2 value p

Sex

Male 14 41.2% 7.0 1.224 0.269

Female 20 58.8% 6.0

Age

≥65 21 61.8% 6.0 0.885 0.347

<65 13 38.2% 7.0

Smoking history

Yes 4 11.8% 7.0 0.509 0.476

No 30 88.2% 6.0

ECOG PS

0–1 30 88.2% 7.0 14.342 0.000*

2 4 11.8% 2.0

EGFR genotype

exon 19 del 16 47.1% 7.0 0.929 0.335

exon 21 L858R 18 52.9% 4.0

Family history

Yes 8 23.5% 6.0 0.000 0.995

No 26 76.5% 6.0

Primary disease

Yes 21 61.8% 6.0 0.062 0.804

No 13 38.2% 6.0

Prior chemotherapy

Yes 24 70.6% 6.0 0.542 0.462

No 10 29.4% 4.0

Prior bevacizumab

Yes 8 23.5% 6.0 0.011 0.917

No 26 76.5% 6.0

Prior radiotherapy

Yes 8 23.5% 12.0 4.698 0.030*

No 26 76.5% 5.0

Prior operation

Yes 12 35.3% 4.0 0.205 0.650

No 22 64.5% 6.0

Brain metastases

Yes 16 47.1% 4.0 4.380 0.036*

No 18 52.9% 7.0

Bone metastases

Yes 8 23.5% 4.0 5.195 0.023*

No 26 76.5% 7.0

Liver metastases

Yes 3 8.8% 2.0 2.626 0.105

No 31 91.2% 6.0

Pleural metastasis

Yes 8 23.5% 4.0 0.865 0.352

No 26 76.5% 6.0

Malignant pleural effusion

Yes 6 17.6% 4.0 3.613 0.057

No 28 82.4% 7.0

Abbreviations: ECOG PS, eastern cooperative oncology group performance status; EGFR, epidermal growth factor receptor; mPFS, median progression-free survival.
*p < 0.05.
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that the ORR of osimertinib plus bevacizumab was superior
to that of osimertinib monotherapy(68% vs. 54%). Although
osimertinib plus bevacizumab did not prolong PFS and OS
compared with osimertinib alone,19 there was no increase in
toxicity in the combination therapy compared with mono-
therapy. In a multicenter retrospective study in China, a
total of 39 patients with lung adenocarcinoma who were
resistant to osimertinib combined with apatinib were
included, and the results showed that ORR, DCR, and mPFS
were 12.8%, 79.5%, and 4 months, respectively.20

Anlotinib is a novel oral multitarget TKI targeting
VEGFR-2 and VEGFR�3, FGFR1-4, PDGFR-α, PDGFR-β,
and c-Kit, thereby inhibiting tumor growth and angiogene-
sis.21 The ALTER 0303 trial showed that patients with
advanced NSCLC receiving three or more lines of treatment
with anlotinib had significantly better OS (9.6 months

vs. 6.3 months) and PFS (5.4 months vs. 1.4 months) than
patients receiving placebo. In May 2018, anlotinib was
approved by the China Food and Drug Administration as a
third-line treatment for refractory advanced NSCLC.22 Li
et al. found that anlotinib combined with gefitinib could
inhibit the proliferation of NSCLC cells in vitro and tumor
angiogenesis in vivo. In this study, 20 patients with NSCLC
who were resistant to gefitinib or erlotinib were enrolled
and then received gefitinib or erlotinib combined with anlo-
tinib, and the results showed that the mPFS was
15.7 months. Meanwhile, in the nude mouse model, EGFR-
TKI combined with anlotinib significantly inhibited the pro-
liferation of lung cancer cells.23 A similar conclusion was
drawed in a retrospective study by Zhang et al., who found
that in a gefitinib-resistant lung adenocarcinoma model,
anlotinib reversed resistance to gefitinib by enhancing the

F I G U R E 1 Median
progression-free survival (mPFS)
curve of osimertinib plus anlotinib
in the treatment

F I G U R E 2 Median overall
survival (mOS) curve of osimertinib
plus anlotinib in the treatment
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antiproliferation and pro-apoptotic effects of gefitinib. Gefiti-
nib combined with anlotinib exerted a synergistic antitumor
effect by downregulating the activation of VEGFR2 and its
downstream effectors (Akt and ERK). Among the 24 NSCLC
patients with acquired EGFR-TKI resistance, the ORR and
DCR of EGFR-TKI combined with anlotinib were 20.8% and
95.8%, respectively. The mPFS was 11.53 ± 2.41 months and
mOS was not reached.24 However, at present, there are few
studies on the combination of osimertinib and anlotinib after
resistance to osimertinib. Zhou et al. reported a case of a
patient with advanced lung adenocarcinoma harboring resis-
tance to Osimertinib who reached PR for 9 months when

treated with osimertinib combined with chemotherapy and
anlotinib, and was then treated with osimertinib and anlotinib
as maintain therapy.25 In a retrospective study conducted by
Zhou et al., 33 patients with advanced NSCLC who were
resistant to osimertinib as the first-line treatment were
enrolled. The results showed that after osimertinib combined
with anlotinib, one patient achieved CR, meanwhlie ORR and
DCR were 81.8% and 97.0%, respectively. The mPFS was
15.5 months and mOS was 23.8 months.26

In this study, the ORR and DCR of osimertinib-resistant
NSCLC patients treated with osimertinib combined with
anlotinib were 20.6% and 88.2%, respectively. In terms of

T A B L E 2 Adverse events for osimertinib plus anlotinib in the treatment

Adverse event

All grade 1–2 grade 3 grade 4 grade

N % N % N % N %

Hand-foot syndrome 1.0 3.7 1.0 3.7 0.0 0.0 0.0 0.0

Hemoptysis 2.0 7.4 2.0 7.4 0.0 0.0 0.0 0.0

Epistaxis 3.0 11.1 3.0 11.1 0.0 0.0 0.0 0.0

Hypertension 5.0 18.6 4.0 14.9 0.0 3.7 0.0 0.0

Weakness 2.0 7.4 2.0 7.4 0.0 0.0 0.0 0.0

Vomiting 1.0 3.7 0.0 0.0 1.0 3.7 0.0 0.0

Diarrhea 5.0 18.6 5.0 18.6 0.0 0.0 0.0 0.0

Proteinuria 5.0 18.6 4.0 14.9 1.0 3.7 0.0 0.0

Thrombocytopenia 1.0 3.7 1.0 3.7 0.0 0.0 0.0 0.0

Weight loss 1.0 3.7 1.0 3.7 0.0 0.0 0.0 0.0

Oral mucositis 1.0 3.7 1.0 3.7 0.0 0.0 0.0 0.0

T A B L E 3 Univariate and multivariate analysis of PFS of osimertinib plus anlotinib in the treatment

Variate

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age 1.427 (0.640–3.182) 0.385

Sex 1.512 (0.683–3.346) 0.307

Smoking history 0.667 (0.199–2.238) 0.513

ECOG PS 6.767 (2.060–22.237) 0.002* 7.207 (2.110–24.619) 0.002

EGFR genotype 1.144 (0.781–1.676) 0.489

Family history 0.997 (0.401–2.480) 0.995

Primary disease 0.912 (0.416–1.998) 0.818

Prior chemotherapy 1.375 (0.551–3.434) 0.495

Prior bevacizumab 0.959 (0.383–2.384) 0.923

Prior radiotherapy 0.350 (0.120–1.020) 0.054

Prior operation 0.842 (0.377–1.880) 0.674

Brain metastases 2.182 (0.981–4.851) 0.056

Bone metastases 2.467 (1.040–5.851) 0.040* 2.541 (1.061–6.083) 0.036

Liver metastases 2.467 (0.726–8.383) 0.148

Pleural metastases 0.653 (0.247–1.729) 0.391

Malignant pleural effusion 2.303 (0.895–5.928) 0.084

Abbreviations: CI, confidence interval; ECOG PS, eastern cooperative oncology group performance status; EGFR, epidermal growth factor receptor; HR, hazard ratio.
*p < 0.05.
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safety, the retrospective analysis of the patients in this study
showed that there were three cases of grade 3 adverse events
(hypertension, vomiting, and proteinuria), which were grad-
ually controlled after drug withdrawal or symptomatic treat-
ment. No grade 4 or above adverse events were observed.
These adverse events may be related to drug characteristics
and individual heterogeneity,27 therefore the toxicity of osi-
mertinib combined with anlotinib for third-line treatment
and post-third-line treatment are controllable.

The ECOG PS score is one of the most important inde-
pendent prognostic factors for a variety of tumors, including
advanced NSCLC, as an important way of measuring
patients’ physical condition and tolerance to treatment
based on their self-care ability, daily activity ability, and
walking and working energy.28 A meta-analysis showed that
for NSCLC patients receiving second-line chemotherapy,
patients with an ECOG PS score of 2 had worse OS and HR
of 3.01 (95% CI 2.41–3.76) compared with patients with an
ECOG PS score of 0. Another meta-analysis showed that
patients with ECOG PS ≥2 had poor OS, PFS, and ORR,
and therefore concluded that ECOG PS score is a prognostic
factor for advanced NSCLC receiving immunotherapy.29 In
a retrospective study by Li et al., among patients with
advanced NSCLC who received post-third-line treatment
with anlotinib, patients with ECOG PS score ≥2 had poorer
OS and HR of 1.37 (95% CI 0.65–2.87) compared with those
with ECOG PS 0–1.30 In this study, the mPFS of patients
with ECOG PS 0–1 and 2 scores were 7.0 and 2.0 months,
respectively (p < 0.05). Meanwhile, multivariate Cox regres-
sion showed that ECOG PS was an independent prognostic
factor (p < 0.05), therefore patients with a good ECOG PS
score may be more likely to benefit from osimertinib com-
bined with anlotinib, possibly because patients with a bad
ECOG PS score have poor tolerance to treatment, thus
affecting clinical efficacy.

Bone is one of the common metastatic sites of lung can-
cer, with about 20–40% of NSCLC patients having bone
metastasis,31 and lung cancer patients with bone metastasis
tend to have a poor prognosis. Studies have shown that the
3-year OS of NSCLC patients with bone metastasis
decreased from 71.6% to 46.8%.32 In a retrospective study to
explore the prognostic value of serological inflammatory
biomarkers in the treatment of anlotinib, multivariate Cox
regression analysis showed that patients with bone metasta-
ses were associated with poor PFS. Although this negative
association did not reach a significant difference,33 it sug-
gested that patients with NSCLC with bone metastases had
poor clinical outcomes. In our study, the mOS of eight
patients with bone metastasis was significantly lower than
that of 26 patients without bone metastasis (8.0 months
vs. 18.0 months, p < 0.05). Multivariate Cox regression anal-
ysis showed that bone metastasis was an independent factor
of prognosis (p < 0.05). It was observed that the ECOG PS
score of patients with bone metastasis was ≥1, suggesting
that the mPFS of patients with bone metastasis was signifi-
cantly lower than in those without bone metastasis, which
may be due to weak physical condition and poor tolerance

to treatment. Meanwhile, we found that seven of eight
patients with bone metastasis were accompanied by metasta-
sis to other sites or even multiple metastases. This could also
explain why NSCLC patients with bone metastases have
poorer survival benefits.

In summary, this study observed and analyzed the effi-
cacy and safety of osimertinib combined with anlotinib in
three or more lines of treatment of 34 patients with
advanced NSCLC who harbored T90M mutations after resis-
tance to first- or second-generation EGFR-TKI. It was con-
cluded that osimertinib combined with anlotinib was effective
and the adverse events were tolerated. However, our study
also has some limitations: the sample size was relatively small
and there was no control group, which may lead to bias.
Future multicenter, larger or prospective, randomized con-
trolled studies should be performed for further exploration.
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