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Background: Anlotinib, a small-molecule tyrosine kinase inhibitor (TKI), suppresses angiogenesis and 
tumor progression. As the mechanisms underlying the resistance to epidermal growth factor receptor 
(EGFR)-TKIs are complex and diverse, further exploration of new treatment strategies is necessary. 
Combination therapy with EGFR-TKIs and anlotinib targets multiple signaling pathways, enhancing 
efficacy in patients with EGFR-positive non-small cell lung cancer (NSCLC). This study evaluated the 
efficacy and safety of anlotinib with EGFR-TKIs in patients with NSCLC who developed resistance to 
postoperative adjuvant therapy.
Methods: From January 2020 to December 2023, 48 patients at the Department of Thoracic Surgery, the 
First Affiliated Hospital of Zhejiang University, who developed resistance to adjuvant therapy were included 
in this retrospective study. All patients received anlotinib (10–12 mg, po, d1–14, q3w) alongside their original 
EGFR-TKI regimen. The primary endpoint was progression-free survival (PFS), while secondary endpoints 
included 6- and 12-month PFS rates, overall survival (OS), and safety. PFS was defined as the time from the 
initiation of anlotinib plus EGFR-TKI to disease progression or death, and OS was defined as the time from 
the start of anlotinib plus EGFR-TKI to death from any cause.
Results: Among the 48 patients, 23 previously received first- or second-generation EGFR-TKIs, and 25 received 
third-generation EGFR-TKIs. As of March 25, 2024, the median follow-up duration was 33.3 months 
[95% confidence interval (CI): 23.2–43.3]. The median PFS was 9.5 months (95% CI: 4.8–14.3), and 6- and 
12-month PFS rates were 70.8% and 47.9%, respectively. For patients previously treated with first-/second- 
and third-generation EGFR-TKIs, the median PFS was 10.3 months (95% CI: 6.1–14.4) and 7.7 months (95% 
CI: 4.8–10.6), with a 6-month PFS rate of 69.6% and 72.0%, respectively, and a 12-month PFS rate of 47.8% 
and 48.0%, respectively. The median OS was 31.0 months [95% CI: not reached (NR)–NR], with 6-month 
and 12-month rates of 91.7% and 85.4%, respectively. For patients previously treated with first-/second- and 
third-generation EGFR-TKIs, the median OS was NR and 20.3 months (95% CI: 10.7–30.0), respectively; 
meanwhile, the OS rates were 95.7% and 88.0% at 6 months, and 91.3% and 80.0% at 12 months, respectively. 
The incidence rates of any grade and grade ≥3 treatment-related adverse events (TRAEs) were 75.0% (36/48) 
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Introduction

Epidermal growth factor receptor-tyrosine kinase inhibitors 
(EGFR-TKIs) have shown significant efficacy in patients 
with non-small cell lung cancer (NSCLC) harboring 

EGFR mutations (1). However, the efficacy of EGFR-
TKIs varies among patients with NSCLC, with a minority 
achieving complete remission and others achieving partial  
remission (2). The iterative upgrading of EGFR-TKIs from 
the first to the third generation in clinical practice addresses 
the issue of diminished or lost efficacy (3). Although third-
generation EGFR-TKIs outperform first- and second-
generation drugs in terms of efficacy and toxicity, disease 
progression remains inevitable due to acquired resistance, 
imposing a substantial economic burden on society and 
patients (4). Previous studies have indicated that among 
the resistance mechanisms of first- and second-generation 
EGFR-TKIs, the T790M mutation represents the most 
common resistance alteration, whereas the resistance 
mechanisms of third-generation EGFR-TKIs are more 
complex, primarily involving EGFR C797S mutation, 
bypass activation pathways such as MET amplification, 
activation of downstream signaling pathways, or histological 
transformation. After resistance develops, clinical practice 
often involves increasing the daily dose of the targeted 
drug (5), combining it with antiangiogenic agents (6), or 
integrating other treatment modalities as proposed in 
studies such as FLAURA-2 (7) and MARIPOSA (8) to 
improve patient survival. Due to the complex and diverse 
mechanisms underlying EGFR-TKI resistance, clinical 
exploration of more effective therapeutic strategies remains 
ongoing (9,10). 

Angiogenesis plays a crucial role in tumor growth 
and metastasis, and blocking this pathway has become 
a successful strategy in clinical cancer treatment. 
Combination therapy of EGFR-TKIs with anlotinib has 
emerged as a potential strategy for overcoming dr ug 
resistance and improving treatment outcomes in patients 
with EGFR-positive NSCLC (11). Anlotinib is a novel oral 

Highlight box

Key findings
•	 This study evaluated the combination of anlotinib and endothelial 

growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) in 
patients with non-small cell lung cancer (NSCLC) who developed 
resistance to postoperative EGFR-TKI adjuvant therapy. The 
median progression-free survival (PFS) was 9.5 months, with 
the 6-month and 12-month PFS rates being 70.8% and 47.9%, 
respectively. The median overall survival (OS) was 31 months, 
with high 6-month and 12-month OS rates of 91.7% and 85.4%, 
respectively. Treatment-related adverse events (TRAEs) were 
common, with hypertension being the most frequent.

What is known and what is new? 
•	 Previous studies have explored the use of EGFR-TKIs in patients 

with NSCLC, but resistance often develops. Combination 
therapies with other agents, such as anlotinib, have shown promise 
in overcoming this resistance.

•	 This study adds evidence regarding the efficacy and safety of 
anlotinib combined with EGFR-TKIs in patients who have 
developed resistance after EGFR-TKI adjuvant therapy.

What is the implication, and what should change now? 
•	 The findings suggest that anlotinib combined with EGFR-TKIs 

can extend PFS and OS in patients with NSCLC with EGFR-
TKI resistance. This combination offers a potential therapeutic 
option for patients who otherwise have limited treatment 
options. Clinicians should consider this approach for patients 
exhibiting resistance to adjuvant therapy while also monitoring for 
manageable TRAEs. Further studies are needed to validate these 
findings and optimize treatment regimens.

and 10.4% (5/48), respectively. The most common TRAEs included hypertension (17/48, 35.4%), proteinuria 
(15/48, 31.3%), rash (11/48, 22.9%), fatigue (5/48, 10.4%), and diarrhea (4/48, 8.3%), and no new safety events 
were observed. Dose reduction and discontinuation of anlotinib were reported in four (8.3%) and five (10.4%) 
patients previously treated with first-/second- and third-generation EGFR-TKIs, respectively.
Conclusions: Patients with NSCLC who developed resistance to postoperative EGFR-TKIs demonstrated 
promising efficacy and manageable safety, extending the treatment window and survival opportunities.
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receptor TKI targeting vascular endothelial growth factor 
receptor (VEGFR) 2 and 3, fibroblast growth factor receptor 
(FGFR) 1–4, platelet-derived growth factor receptor 
(PDGFR) α and β, c-Kit, and Ret (12), exhibiting potent 
antitumor angiogenesis effects and inhibiting malignant 
tumor progression (13). Studies have demonstrated that 
the efficacy of anlotinib was favorable in the treatment of 
NSCLC and anlotinib therapy prolongs progression-free 
survival (PFS) and overall survival (OS) (13-15). Studies 
indicate that combining EGFR-TKIs with anlotinib inhibits 
tumors via multiple signaling pathways, enhancing efficacy 
in patients with EGFR-positive NSCLC (6,16-18). This 
combination therapy has demonstrated efficacy in inhibiting 
tumor cell proliferation, angiogenesis, and metastasis in 
EGFR-driven NSCLC models, indicating its potential 
clinical utility in overcoming resistance to EGFR-TKIs (11).

Given the promising preclinical data, evaluating the 
clinical efficacy and safety of combining anlotinib with 
EGFR-TKIs in patients with NSCLC who have developed 
resistance to EGFR-TKI adjuvant therapy is particularly 
important. However, few studies have assessed the efficacy 
and safety of combining anlotinib with EGFR-TKIs in 
patients with NSCLC resistant to EGFR-TKI adjuvant 
therapy. This study aimed to evaluate the efficacy and 
safety of combining anlotinib with EGFR-TKIs in patients 
with NSCLC who have developed resistance following 
EGFR-TKI adjuvant therapy after surgery. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-2025-177/rc).

Methods

Patients

This retrospective, real-world study was conducted at the 
First Affiliated Hospital of Zhejiang University School of 
Medicine and included patients who underwent surgery 
received EGFR-TKI adjuvant therapy and subsequently 
developed resistance between January 2020 and December 
2023. The criteria for diagnosing resistance included 
elevated blood carcinoembryonic antigen (CEA) levels (19), 
nodule changes [emergence of new high-risk nodules (for 
patients with only one primary nodule) or enlargement 
of existing high-risk nodules (for patients with multiple 
high-risk ground glass nodules)] according to the response 
evaluation criteria in solid tumor version 1.1 (RECIST 1.1),  
and metastasis (lymph nodes, bone, brain, or pleura). 

Elevated CEA was defined as blood CEA <10.0 ng/mL 
followed by consecutive measurements ≥10.0 ng/mL (with 
intervals of at least 1 month) or blood CEA ≥10.0 ng/mL  
with gradual increases in consecutive measurements (with 
intervals of at least 1 month). All patients underwent 
pos i tron emiss ion tomography (PET)–computed 
tomography (CT) after diagnosing resistance.

The inclusion criteria for patients were as follows: 
(I) age ≥18 and ≤75 years; (II) postoperative NSCLC; 
(III) genetic testing reporting EGFR exon 19 deletion or  
21 L858R mutation; (IV) resistance to EGFR-TKI adjuvant 
therapy; (V) Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1; and (VI) adequate organ 
function, including sufficient lung and heart function.

Patients with the following conditions were excluded: 
(I) lack of essential imaging evaluations at the study 
hospital; (II) presence of autoimmune diseases, infectious 
diseases, or other concomitant malignant tumors; (III) 
prior radiotherapy, chemotherapy, or immunotherapy; and 
(IV) previous or ongoing systemic immunosuppressive 
treatment.

Patient follow-up data were retrieved from the hospital’s 
medical record system and through telephone contact, with 
the latest follow-up cutoff date being March 25, 2024. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Informed 
consent was waived for the retrospective data. This study 
received approval from the Ethics Review Committee of the 
First Affiliated Hospital of Zhejiang University School of 
Medicine (No. IIT20240441A).

Treatment methods

The included patients were administered anlotinib (orally, 
days 1–14, once every 3 weeks, followed by a 7-day 
break) in addition to their original EGFR-TKI regimen. 
The initial dose of anlotinib (10 or 12 mg) was jointly 
determined by clinicians and pharmaceutical experts based 
on the patient’s condition. The dosage was reduced when 
patients experienced intolerable treatment-related adverse 
events (TRAEs). Patients were treated with anlotinib until 
progressive disease or TRAE intolerance occurred.

Efficacy and safety

The primary endpoint of this study was PFS, while 
secondary endpoints included 6- and 12-month PFS 
rates, OS, and safety. PFS was defined as the time from 
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the initiation of anlotinib plus EGFR-TKI to disease 
progression [elevated blood CEA levels, nodule changes 
according to the RECIST 1.1, metastasis (lymph nodes, 
bone, brain, or pleura)] or death. OS was defined as the 
time from the start of anlotinib plus EGFR-TKI to death 
from any cause. TRAEs were evaluated according to 
the Common Terminology Criteria for Adverse Events 
(CTCAE) version 5.0.

Statistical analysis

All statistical analyses were performed using SPSS version 
25.0 (IBM Corp., Armonk, NY, USA) and R software 
version 4.1.2 (The R Foundation for Statistical Computing), 
while GraphPad Prism version 9.0 (GraphPad Software, 
San Diego, CA, USA) was used for plotting. Categorical 
variables are expressed as frequencies and percentages, 
while continuous variables are expressed as the median 
and interquartile range (IQR). The Fisher exact test or 
Pearson chi-square test was used to compare the baseline 
characteristics between the groups. The Kaplan-Meier 
method was used to evaluate the PFS and OS, and stratified 
log-rank tests were applied to compare the differences 
between the groups. The reverse Kaplan-Meier method was 
used to estimate the median follow-up time. The correlation 
between each study variable and survival was determined 
using stratified Cox proportional hazard models. The 
statistical significance threshold was set at P<0.05.

Results

Baseline characteristics of participants

From January 2020 to December 2023, 48 patients who 
underwent surgery and developed resistance to adjuvant 
therapy with EGFR-TKIs were included in the study. The 
baseline characteristics of the patients are shown in Table 1.  
The median age of the 48 patients was 68 years, with an 
equal distribution of males and females, each accounting 
for 50%. Genetic testing reports of patient’s tumor tissue 
indicated that 52.1% (25/48) of the patients had the L858R 
mutation, while 47.9% (23/48) had exon 19 deletions. 
And 4 patients had concurrent TP53 mutations, 1 patient 
had concurrent MET mutations, 1 patient had concurrent 
ALK, 1 patient had concurrent HER2. After surgery,  
23 (47.9%) patients received first- or second-generation 
EGFR-TKI treatment, and 25 (52.1%) patients received 
third-generation EGFR-TKI therapy. The median interval 

time from surgery to resistance of adjuvant therapy was 
20.0 months [95% confidence interval (CI): 14.0–33.5; 
range, 0.0–48.0]. After EGFR-TKI adjuvant therapy,  
18 (37.5%) patients exhibited elevated blood CEA levels. 
Six patients (12.5%) developed new high-risk nodules, and 
seven (14.6%) had enlargement of existing ones. Seventeen 
(35.4%) patients had metastases (lymphadenopathy in seven 
patients, bone in three, brain in three, and pleura in four). 
All patients underwent next-generation sequencing (NGS) 
in liquid biopsy after diagnosing resistance. Among patients 
received first- or second-generation EGFR-TKI, 6 patients 
(6/23, 26.1%) were found to have an EGFR T790M 
mutation, and the others had an unknown resistance 
mechanism. For patients received third-generation EGFR-
TKI therapy, 3 patients (3/25, 12.0%) were found to have 
an EGFR C797S mutation, and the others had an unknown 
resistance mechanism.

Adverse events 

No previously undocumented TRAEs were observed in this 
study (Table 2). Overall, the incidence rates of any grade and 
grade ≥3 TRAEs were 75.0% (36/48) and 10.4% (5/48), 
respectively. The most common TRAEs were hypertension 
(17/48, 35.4%), proteinuria (15/48, 31.3%), rash (11/48, 
22.9%), fatigue (5/48, 10.4%), and diarrhea (4/48, 8.3%). 
No new safety events were reported. Grade 1–2 TRAEs 
were the most common, with fewer patients experiencing 
grade 3 or 4 TRAEs (two cases of urine protein, two 
cases of hypertension, and one case of skin rash). All 
symptoms resolved after treatment. Dose reduction and 
discontinuation of anlotinib were reported in four (8.3%) 
and five (10.4%) patients, respectively. A summary of 
TRAEs is presented in Table 2.

Survival

At the time of the data cutoff (March 2024), we successfully 
collected follow-up information for all patients. The median 
follow-up time was 33.3 months (95% CI: 23.2–43.3). 
Thirty-three patients experienced disease progression, and 
twenty patients died. Thirty-three patients went on to receive 
next-line therapy after progression on anlotinib plus EGFR 
TKI. After that, all of them chose immunotherapy with or 
without chemotherapy. The median PFS of all patients was 
9.5 months (95% CI: 4.8–14.3), with a 6-month PFS rate of 
70.8% and a 12-month PFS rate of 47.9% (Figure 1A). The 
median OS of all patients was 31.0 months [95% CI: not 
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Table 1 Characteristics at baseline (n=48)

Characteristic Value (N=48)

Age (years), median (IQR) 68.0 (55.0–72.0)

Sex, n (%)

Male 24 (50.0)

Female 24 (50.0)

ECOG performance status, n (%)

0 28 (58.3)

1 20 (41.7)

Smoking status, n (%)

Never 40 (83.3)

Ever 8 (16.7)

Drinking status, n (%)

Never 44 (91.7)

Ever 4 (8.3)

Comorbidities, n (%)

Diabetes mellitus 5 (10.4)

Hypertension 15 (31.3)

Surgical method, n (%)

Wedge resection 15 (31.3)

Lobectomy 33 (68.7)

Pathological stage, n (%)

IIA 16 (33.3)

IIB 4 (8.3)

IIIA 24 (50.0)

IIIB 4 (8.3)

Pathological grade, n (%)

G1 3 (6.3)

G2 17 (35.4)

G3 28 (58.3)

EGFR mutation subtype, n (%)

Exon 19 deletion 23 (47.9)

L858R mutation 25 (52.1)

EGFR-TKI type, n (%)

First-/second-generation TKI

Icotinib 16 (33.3)

Gefitinib 5 (10.4)

Afatinib 2 (4.2)

Table 1 (continued)

Table 1 (continued)

Characteristic Value (N=48)

Third-generation TKI

Furmonertinib 3 (6.3)

Almonertinib 1 (2.1)

Osimertinib 21 (43.8)

Resistance manifestation, n (%)

Elevated blood CEA level 18 (37.5)

Nodule change

Emergence of new nodule 6 (12.5)

Enlargement of original nodule 7 (14.6)

Metastasis

Lymph node 7 (14.6)

Bone 3 (6.3)

Brain 3 (6.3)

Pleura 4 (8.3)

CEA, carcinoembryonic antigen; ECOG, Eastern Cooperative 
Oncology Group; EGFR, epidermal growth factor receptor; IQR, 
interquartile range; TKI, tyrosine kinase inhibitor.

Table 2 Adverse events (n=48)

Event Any grade Grade 3 or 4

Any adverse events 36 (75.0) 5 (10.4)

Thrombocytopenia 2 (4.2) 0 (0.0)

Urine protein 15 (31.3) 2 (4.2)

Hepatic injury 1 (2.1) 0 (0.0)

Hypertension 17 (35.4) 2 (4.2)

Diarrhea 4 (8.3) 0 (0.0)

Nausea 1 (2.1) 0 (0.0)

Fatigue 5 (10.4) 0 (0.0)

Skin reaction 11 (22.9) 1 (2.1)

Oral ulcers 2 (4.2) 0 (0.0)

Data are presented as n (%).

reached (NR)–NR], with 6-month and 12-month rates of 
91.7% and 85.4%, respectively (Figure 1B).

For patients previously treated with first- or second-
generation EGFR-TKIs, the median PFS was 10.3 months 
(95% CI: 6.1–14.4), with a 6-month PFS rate of 69.6% and 
a 12-month PFS rate of 47.8% (Figure 2A). For patients 
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Figure 1 Kaplan-Meier curves of (A) PFS and (B) OS in all patients. EGFR, epidermal growth factor receptor; OS, overall survival; PFS, 
progression-free survival; TKI, tyrosine kinase inhibitor.

Figure 2 Kaplan-Meier curves of (A) PFS and (B) OS in patients previously treated with first-/second- and third-generation EGFR-TKIs. 
EGFR, epidermal growth factor receptor; OS, overall survival; PFS, progression-free survival; TKI, tyrosine kinase inhibitor.

previously treated with third-generation EGFR-TKIs, the 
median PFS was 7.7 months (95% CI: 4.8–10.6), with a 
6-month PFS rate of 72.0% and a 12-month PFS rate of 
48.0% (Figure 2A). For patients previously treated with first- 

or second-generation EGFR-TKIs, the median OS was NR, 
with a 6-month rate OS of 95.7% and a 12-month OS rate of 
91.3% (Figure 2B). For patients previously treated with third-
generation EGFR-TKIs, the median OS was 20.3 months 
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Figure 3 Kaplan-Meier curves of (A) PFS and (B) OS in patients with elevated blood CEA level, nodule changes [emergence of new high-
risk nodules (for patients with only one primary nodule) or enlargement of existing nodules (for patients with multiple high-risk ground glass 
nodules)], and metastases (lymph node, bone, brain, or pleura). CEA, carcinoembryonic antigen; OS, overall survival; PFS, progression-free 
survival.

(95% CI: 10.7–30.0), with a 6-month OS rate of 88.0% and a 
12-month OS rate of 80.0% (Figure 2B).

For patients with elevated blood CEA levels, the median 
PFS was 9.1 months (95% CI: 2.7–15.5), with a 6-month 
PFS rate of 72.2% and a 12-month PFS rate of 50.0% 
(Figure 3A). For patients with nodule changes [emergence 
of new high-risk nodules (for patients with only one primary 
nodule) or enlargement of existing nodules (for patients 
with multiple high-risk ground glass nodules)], the median 
PFS was 10.3 months (95% CI: 3.1–17.4), with a 6-month 
PFS rate of 61.5% and a 12-month PFS rate of 46.2% 
(Figure 3A). For patients with metastases (lymphadenopathy, 
bone, brain, or pleura), the median PFS was 9.5 months 
(95% CI: 5.2–13.8), with a 6-month PFS rate of 76.5% and 
a 12-month PFS rate of 47.1% (Figure 3A). For patients 
with elevated blood CEA levels, the median OS was  
27.9 months (95% CI: 14.7–41.1), with 6-month OS of 
88.9% and a 12-month OS rate of 77.8% (Figure 3B). For 
patients with nodule changes [emergence of new high-
risk nodules (for patients with only one primary nodule) or 
enlargement of existing nodules (for patients with multiple 
high-risk ground glass nodules)], the median OS was  
20.3 months (95% CI: NR–NR), with a 6-month OS rate 
of 84.6% and a 12-month OS rate of 84.6% (Figure 3B). 
For patients with metastases (lymph node, bone, brain, or 

pleura), the median OS was NR (95% CI: NR–NR), with 
a 6-month OS rate of 100.0% and a 12-month OS rate of 
88.2% (Figure 3B).

Univariate Cox regression analyses revealed no 
statistically significant correlations between these factors 
and PFS (Table 3). However, we found a statistically 
significant correlation between the EGFR mutation 
subtype and OS in the univariate Cox regression analyses 
(Table 4). We then included factors with P<0.1 in the 
multivariable Cox regression analyses. Compared to exon 
19 deletion, the L858R mutation was associated with 
worse OS (HR 3.745, 95% CI: 1.411–9.943, P=0.008). 
The EGFR L858R mutation group had a median PFS 
of 7.6 months (95% CI: 6.7–8.6), while the median 
PFS of the EGFR exon 19 deletion mutation group was 
12.7 months (95% CI: 8.6–16.8) (P=0.16) (Figure 4A). 
The EGFR L858R mutation group had a median OS of  
18.3 months (95% CI: 15.6–21.0), while the median OS of 
the EGFR exon 19 deletion mutation group was not achieved 
(P=0.003) (Figure 4B).

Discussion

The standard first-line treatment for patients with NSCLC 
harboring EGFR mutations is monotherapy with EGFR-
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Table 3 Univariate Cox regression analyses for PFS

Characteristic
Univariate analysis

HR (95% CI) P value

Sex (vs. female) 0.55

Male 0.810 (0.408–1.606)

Age (vs. ≤65 years) 0.11

>65 years 1.847 (0.877–3.888)

ECOG PS (vs. 0) 0.25

1 1.496 (0.753–2.975)

Smoking status (vs. never) 0.18

Ever 0.487 (0.171–1.389)

Drinking status (vs. never) 0.84

Ever 0.884 (0.269–2.906)

Hypertension (vs. no) 0.85

Yes 0.929 (0.441–1.957)

Diabetes mellitus (vs. no) 0.11

Yes 2.192 (0.827–5.807)

Surgical method (vs. wedge resection) 0.82

Lobectomy 0.916 (0.435–1.928)

Pathological grade (vs. G1–G2) 0.45

G3 1.309 (0.650–2.635)

Pathological stage (vs. IIA–IIB) 0.52

IIIA–IIIB 0.794 (0.397–1.589)

EGFR mutation subtype (vs. exon 19 deletion) 0.16

L858R mutation 1.635 (0.821–3.255)

EGFR-TKI type (vs. third generation) 0.62

First/second generation 1.191 (0.559–2.369)

Adverse events (vs. no) 0.64

Yes 1.236 (0.507–3.013)

CI, confidence interval; ECOG PS, Eastern Cooperative Oncology 
Group performance status; EGFR, epidermal growth factor 
receptor; HR, hazard ratio; PFS, progression-free survival; TKI, 
tyrosine kinase inhibitor.

TKIs. Although this provides significant survival benefits to 
patients, most will eventually experience disease progression 
over time (20,21). Due to the inevitable occurrence of 
resistance mutations during disease progression, clinical 
strategies, such as switching to a newer generation of 
EGFR-TKIs, are usually employed for subsequent 

treatment. Soria et al. (22), Park et al. (23), Urata et al. (24),  
and Wu et al. (25) have shown that in the first-line 
treatment of EGFR mutation-positive NSCLC, second- or 
third-generation EGFR-TKIs are more effective than are 
first-generation EGFR-TKIs, with significantly prolonged 
median PFS, similar safety profiles, and a lower incidence 
of serious adverse events. However, previous studies 
have indicated that when patients become resistant to 
standard TKI treatment, switching to second-generation 
EGFR-TKIs only provides a limited improvement in 
efficacy. Switching to third-generation TKIs, such as 
osimertinib, offers clinical benefits, but resistance may 
reoccur, requiring alternative treatment strategies such 
as combination chemotherapy (26-30). The mechanisms 
of acquired resistance to EGFR-TKIs are complex, and 
delaying resistance remains a major challenge in first-line 
treatment with EGFR-TKIs, for which there is no standard 
treatment paradigm. EGFR-TKI acquired resistance is 
composed of on-target (EGFR dependent), off-target 
(EGFR independent), and unknown (31). On-target 
acquired resistance of first- and second-generation EGFR 
TKI is relatively huge, and T790M mutation is the most 
common and the incidence rate is 50–60% (32). On-target 
acquired resistance of third-generation EGFR-TKIs was 
approximately 10–20% and C797S mutation was the most 
common (10). Off-target acquired resistance included many 
genes other than EGFR (33). Antiangiogenic therapy plays 
a crucial role in the treatment of EGFR-TKI resistance. 
For patients with disease progression after EGFR-TKI 
treatment, early use of combination therapy strategies 
may offer superior benefit as compared to EGFR-TKI 
monotherapy (15,34). Xiang et al. (35) compared the efficacy 
of EGFR-TKI monotherapy versus EGFR-TKIs combined 
with anlotinib, reporting that combination therapy achieved 
better PFS than did EGFR-TKI monotherapy. Our study 
found that when patients experienced disease progression 
due to resistance after EGFR-TKI treatment, combination 
therapy with anlotinib may prevent the need for an 
escalation of treatment strategies, prolong the treatment 
window, and provide more survival opportunities.

First- and second-generation EGFR-TKIs yield a 
median PFS between 9 and 13 months (36-41), while third-
generation EGFR-TKIs yield a median PFS between  
18 and 22 months (22,42). In our study, the median PFS 
was 9.5 months, with the median PFS of patients previously 
treated with first- and second-generation EGFR-TKIs 
being 10.3 months and that of those patients previously 
treated with third-generation EGFR-TKIs being  
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Table 4 Univariate and multivariate Cox regression analyses for OS

Characteristic
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Sex (vs. female) 0.66

Male 0.822 (0.339–1.989)

Age (vs. ≤65 years) 0.40

>65 years 1.507 (0.578–3.926)

ECOG PS (vs. 0) 0.71

1 1.181 (0.490–2.848)

Smoking status (vs. never) 0.28

Ever 0.447 (0.104–1.930)

Drinking status (vs. never) 0.98

Ever 1.018 (0.236–4.394)

Hypertension (vs. no) 0.09 0.12

Yes 0.379 (0.125–1.144) 0.413 (0.136–1.254)

Diabetes mellitus (vs. no) 0.55

Yes 1.458 (0.426–4.986)

Surgical method (vs. wedge resection) 0.69

Lobectomy 0.827 (0.329–2.077)

Pathological grade (vs. G1–G2) 0.93

G3 0.960 (0.397–2.320)

Pathological stage (vs. IIA–IIB) 0.99

IIIA–IIIB 1.002 (0.415–2.419)

EGFR mutation subtype (vs. exon 19 deletion) 0.006 0.008

L858R mutation 3.942 (1.487–10.456) 3.745 (1.411–9.943)

EGFR-TKI type (vs. third generation) 0.99

First/second generation 1.002 (0.415–2.419)

Resistance manifestation (vs. elevated blood CEA level) 0.45

Nodule change 0.870 (0.308–2.457)

Metastasis 0.512 (0.171–1.533)

Adverse events (vs. no) 0.89

Yes 1.091 (0.315–3.779)

CEA, carcinoembryonic antigen; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, 
epidermal growth factor receptor; HR, hazard ratio; OS, overall survival; TKI, tyrosine kinase inhibitor.

7.7 months. The median PFS yielded by the combination 
of anlotinib with EGFR-TKI for patients with NSCLC 
who developed resistance to EGFR-TKI adjuvant 
therapy following surgery and who were treated with the 
combination of anlotinib and EGFR-TKIs was similar 

to that of those treated with first- or second-generation 
EGFR-TKIs and about half of that of those treated with 
third-generation EGFR-TKIs. Therefore, for patients with 
NSCLC who develop resistance after undergoing EGFR-
TKI adjuvant therapy after surgery, anlotinib plus EGFR-
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Figure 4 Kaplan-Meier curves of (A) PFS and (B) OS in patients with EGFR exon 19 deletion mutation and EGFR L858R mutation. EGFR, 
epidermal growth factor receptor; OS, overall survival; PFS, progression-free survival.

TKIs can prolong the treatment window. For patients 
previously treated with first- or second-generation EGFR-
TKIs, we can delay the use of third-generation EGFR-TKIs 
and retain more treatment options. For patients previously 
treated with third-generation EGFR-TKIs, we can also 
delay the use of alternative treatment methods, such as 
chemotherapy and immunotherapy. In summary, whether 
using first- or second-generation EGFR-TKIs or third-
generation EGFR-TKIs are applied, combining anlotinib 
with EGFR-TKIs can provide a greater opportunity for 
prolonged survival.

Our study defined resistance as an elevated blood CEA 
level, nodule changes [emergence of new high-risk nodules 
(for patients with only one primary nodule) or enlargement 
of existing nodules (for patients with multiple high-risk 
ground glass nodules)], and metastasis (lymph node, bone, 
brain, or pleura). We found the median PFS of patients 
with these three conditions of resistance was similar. The 
median PFS of patients with elevated blood CEA levels was 
9.1 months, that for those with nodule changes [emergence 
of new high-risk nodules (for patients with only one 
primary nodule) or enlargement of existing nodules (for 
patients with multiple high-risk ground glass nodules)]was 
10.3 months, and that for those with metastases (lymph 
node, bone, brain, or pleura) was 9.5 months. These results 
were similar to those observed for entire patient cohort. 
Therefore, anlotinib plus EGFR-TKIs is applicable to 
different manifestations of drug resistance.

This study included patients with EGFR exon 19 

deletions and 21 L858R mutations. We found that the 
survival of patients with EGFR exon 19 deletions was 
better than that of patients with EGFR L858R mutations. 
The EGFR L858R mutation group had a median PFS of 
7.6 months, whereas the median PFS of the EGFR exon 
19 deletion mutation group was 12.7 months. The EGFR 
L858R mutation group had a median OS of 18.3 months, 
whereas the median OS of the EGFR exon 19 deletion 
group was not achieved. Therefore, anlotinib plus EGFR-
TKIs may be more suitable for patients with EGFR exon 19 
deletion mutations.

The toxicity observed in our study was consistent 
with that reported in other studies, and no new adverse 
events were identified (43,44). All symptoms resolved 
after treatment. The incidence rate of grade ≥3 TRAEs 
was 10.4% (two cases of urine protein, two cases of 
hypertension, and one case of skin rash). Dose reduction 
and discontinuation of anlotinib were reported in four 
(8.3%) and five (10.4%) patients, respectively. Our results 
indicated that anlotinib combined with the original EGFR-
TKIs demonstrated controllable safety in patients who 
developed resistance after first-line EGFR-TKI treatment.

This retrospective study had some limitations, including 
a small sample size, a short postoperative follow-up period, 
and heterogeneity among patients and treatment modalities. 
Future research should adopt a prospective design and 
expand the sample size to validate these findings further, 
thereby enhancing the statistical power of the results and 
their external validity.
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Conclusions

For patients with NSCLC who develop resistance to 
postoperative adjuvant therapy with EGFR-TKIs, the 
combination of anlotinib and EGFR-TKIs may provide 
good efficacy and manageable safety, offering these 
patients a longer treatment window and improved survival 
opportunities. However, large-scale randomized controlled 
trials are needed to confirm our findings.
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