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Background: The efficacy of immune monotherapy is not satisfactory in patients with advanced, treated 
non-small cell lung cancer (NSCLC). Combining antiangiogenic agents and immune checkpoint inhibitors 
(ICIs) can counteract the immunosuppression and confer synergistic therapeutic benefits. We explored 
the efficacy and safety of anlotinib and ICIs as a second- and subsequent-line treatment for advanced lung 
adenocarcinoma (LUAD) in patients without oncogenic driver alterations. 
Methods: We reviewed patients with driver-negative LUAD who had received anlotinib, a multityrosine 
kinase inhibitor affecting vascular endothelial growth factor receptor (VEGFR), fibroblast growth factor 
receptor (FGFR), platelet-derived growth factor receptor (PDGFR) and c-Kit, in combination with ICIs 
from October 2018 to July 2021 at Shanghai Chest Hospital as second- and subsequent-line treatment. 
Patients with advanced driver-negative LUAD who received nivolumab monotherapy as second-line 
treatment were included as a control group. 
Results: In this study, 71 patients were included who had received anlotinib and programmed cell death-1 
(PD-1) blockade combination therapy as second- and subsequent-line treatment, and 63 patients who had 
received nivolumab monotherapy as second-line therapy were included as controls, most of whom were male 
smokers at stage IV. The median progression-free survival (PFS) of the combination therapy and nivolumab 
monotherapy groups were 6.00 and 3.41 months, respectively (P<0.001). The median overall survival (OS) 
of the combination therapy and nivolumab monotherapy groups were 16.13 and 11.88 months, respectively 
(P=0.046). Twenty-nine patients (40.8%) in the combination group underwent previous immunotherapy 
(15 of whom were in first line), and they also achieved good survival (median OS: 25.67 months). The 
adverse reactions in the combination therapy group were mainly associated with either anlotinib or ICI 
administration, and there was a low incidence of grade 3 adverse events, all of which were resolved after 
intervention or discontinuation. 
Conclusions: The combination of the multitargeting tyrosine kinase inhibitor anlotinib and PD-1 
blockade demonstrated significant benefits as the second- and subsequent-line treatment in driver-negative 
patients with advanced LUAD, even in those who underwent previous immunotherapy.
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Introduction

Lung cancer has become one of the leading causes of cancer-
related death worldwide, with an increasing incidence and 
mortality rate (1). Genotype-directed targeted therapy is 
the standard of care for patients with advanced non-small 
cell lung cancer (NSCLC) (2), whereas immunotherapy 
has improved the treatment options for advanced NSCLC 
without actionable driver mutations. Antibodies targeting 
programmed cell death-1/programmed cell death-ligand 1 
(PD-1/PD-L1) pathway could facilitate T cell activation and 
restore immune surveillance, thus significantly reshaping 
the landscape of tumor clearance. Depending on the PD-L1 
expression level, PD-1/PD-L1 inhibitor monotherapy or 
in combination with chemotherapy in the first-line setting 
has significantly improved the response rate, prolonging 
survival with limited adverse effects in advanced driver 
mutation-negative NSCLC (3-7).

For second-line treatment of advanced NSCLC without 
oncogenic driver alteration, immune checkpoint inhibitor 
(ICI) monotherapy is one of the standard treatment 

options in patients who have not received previous 
immunotherapy. However, not all patients can benefit from 
ICI monotherapy, with an overall objective response rate 
(ORR) of less than 20% and a median overall survival (OS) 
of 12.0–13.8 months (8-10). To improve the efficacy of 
immunotherapy in second- and subsequent-line treatment, 
combination therapy should be considered. Research 
has shown that antiangiogenic agents promote vascular 
normalization and immune cell infiltration in the tumor 
microenvironment, while ICI relieves tumor suppression 
of immune cells (11). Therefore, combining antiangiogenic 
agents and ICIs could confer synergistic therapeutic benefits 
against malignancies, including NSCLC.

Combination strategy of anti-angiogenesis inhibitors 
have shown promising efficacy in NSCLC. Based on 
clinical trials REVEL and LUME-Lung 1, the combination 
of docetaxel with ramucirumab or nintedanib is approved as 
second-line standard of care in Europe (12,13). Anlotinib is 
a novel multitargeting tyrosine kinase inhibitor that targets 
vascular endothelial growth factor receptor (VEGFR), 
fibroblast growth factor receptor (FGFR), platelet-derived 
growth factor receptor (PDGFR), and c-Kit. Due its ability 
to suppress tumor angiogenesis and proliferation, anlotinib 
monotherapy was approved by the National Medical 
Products Administration (NMPA) as a third-line standard-
of-care treatment for advanced NSCLC in China (14,15). 
Combination strategy of anti-angiogenesis inhibitor and 
ICIs could counteract the immunosuppression, exerting 
synergistic antitumor effects. The efficacy and safety of 
anlotinib and ICIs combination therapy has been validated 
in several solid tumors, including advanced NSCLC as 
first-line treatment (16-19). This retrospective study aimed 
to explore the efficacy and safety of anlotinib and ICIs as a 
second- and subsequent-line treatment for advanced lung 
adenocarcinoma (LUAD) in patients without oncogenic 
driver alterations. We present this article in accordance with 
the STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-23-260/rc).

Methods

Patients

This study examined patients with driver-negative LUAD 
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who had received anlotinib in combination with ICI from 
October 2018 to July 2021 at Shanghai Chest Hospital 
as second- and subsequent-line treatment. The main 
inclusion criteria were the following: (I) with cytologically 
or histologically confirmed LUAD at clinical stage IIIB–
IV, (II) driver gene-negative [without druggable genetic 
alterations in clinical practice, rat sarcoma (RAS) mutation 
and epidermal growth factor receptor (EGFR) exon 20 
insertion included], and (III) disease progression after 
prior standard therapy and combination of anlotinib and 
ICIs as second- or subsequent-line treatment. The main 
exclusion criteria were patients with sensitive mutations of 
EGFR; fusions of anaplastic lymphoma kinase (ALK), c-ros 
oncogene 1 (ROS1), and rearranged during transfection 
(RET); mutations of v-Raf murine sarcoma viral oncogene 
homolog B (BRAF) V600E, and human epidermal growth 
factor receptor 2 (HER2); and mesenchymal-epithelial 
transition (MET) amplifications or MET exon 14 skipping. 
In addition, patients with advanced driver-negative 
LUAD who received nivolumab monotherapy as second-
line treatment were included as a control group. Those 
with incomplete information were excluded (Figure 1). 
The number of cases in the area during the study period 
determined the sample size.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of Shanghai Chest 
Hospital (No. IS22097) and individual consent for this 
retrospective analysis was waived.

Assessments

All patients were staged before the administration of 
the regimen according to the eighth edition of TNM 
classification. In the course of therapy, the treatment 
response was evaluated with chest computed tomography 
(CT) every 2 to 3 months, with additional abdominal 
ultrasound and cranial magnetic resonance imaging 
(MRI) and bone emission computed tomography (ECT) 
being conducted as necessary until disease progression 
or termination of the therapy or the last follow-up visit, 
whichever occurred first. Responses to therapy were 
classified as complete response (CR), partial response (PR), 
stable disease (SD), and progressive disease (PD) based on 
the Response Evaluation Criteria in Solid Tumors (RECIST; 
version 1.1).

The main assessment indicators included the ORR, 
disease control rate (DCR), progression-free survival 

(PFS), OS, and adverse events. ORR was defined as the 
proportion of patients with the best overall response, 
including CR or PR. DCR was the sum of the CR, PR, 
and SD rates. PFS was defined as the interval from the 
beginning treatment to the date of disease progression, 
treatment plan adjustment, or last follow-up visit, 
depending on which occurred first. OS was defined as 
time from start of treatment to death or last follow-up. 
Adverse events were categorized according to the Medical 
Dictionary for Regulatory Activities (MedDRA; version 
20.0) and graded according to the Common Terminology 
Criteria for Adverse Events (CTCAE; version 5.0).

The last follow-up visit was on September 14, 2021.

Statistical analysis

SPSS 26.0 (IBM Corp., Armonk, NY, USA) was used for 
statistical analyses. Descriptive analyses were performed for 
all demographic, treatment, and response-related data for all 
patients. The frequencies and percentages were determined 
for categorical variables. Median and full range were 
additionally used for the continuous variable of age. χ2 test 
was used to investigate significant differences in categorical 
variables, and the t-test was used for continuous variables. 
The survival curves for PFS and OS were estimated with 
the Kaplan-Meier method and were compared between the 
observation and control groups or subgroups using the log-
rank test, the results of which are expressed in medians with 
corresponding 2-sided 95% confidence intervals (95% CIs). 
Multivariate Cox regression was used to calculate the hazard 
ratio (HR) and 95% CI to identify significantly different 
factors related to PFS and OS. Statistical significance was 
defined as a 2-sided P value <0.05.

Results

Baseline characteristics

This study included 71 patients who received anlotinib 
and PD-1 blockade combination therapy as second- and 
subsequent-line treatment in the observation group and 
63 patients who received nivolumab monotherapy as 
second-line therapy in the control group (Figure 1). The 
demographic information and treatment of patients in 
observation and control groups are shown in Table 1.

In the anlotinib and PD-1 blockade combination 
therapy, the observation group comprised 51 males (71.8%) 
and 20 females (28.2%). The median age was 63 years 
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Figure 1 Flowchart of patient screening. LUAD, lung adenocarcinoma; PD-1, programmed cell death-1.

704 patients 
with LUAD who 

received anlotinib

254 patients with LUAD who received 
anlotinib and PD-1 blockade

569 patients with LUAD who received 
PD-1 blockade alone

121 patients with LUAD who received 
anlotinib and PD-1 blockade 

combination therapy

117 LUAD patients without oncogenic 
driver alterations who received PD-1 

blockade alone as second- or later line

72 LUAD patients without oncogenic 
driver alterations who received 
anlotinib and PD-1 blockade 

combination therapy as second- or 
later line

63 LUAD patients at clinical stage 
IIIB–IV without oncogenic driver 
alterations who received PD-1 
blockade alone as second-line

71 LUAD patients at clinical stage 
IIIB–IV without oncogenic driver 

alterations who received anlotinib and 
PD-1 blockade combination therapy 

as second or later line

Excluded (n=129)
• Patients who received PD-1 

blockade and anlotinib non-
simultaneously (n=129)

Excluded (n=191)
• LUAD patients with 

oncogenic driver alterations 
(n=191)

Excluded (n=40)
• LUAD patients with 

oncogenic driver alterations 
(n=40)

Excluded (n=32)
• Patients who received PD-1 

blockade alone as third- or 
laterline (n=32)

Excluded (n=4)
• Patients underwent other 

antineoplastic therapy when 
receiving PD-1 blockade and 
anlotinib combination (n=4)

Excluded (n=261)
• Patients who received PD-1 

blockade in the first-line 
(n=261)

Excluded (n=9)
• Patients who had not received 

any systemic therapy before 
the combination therapy (n=9)

Excluded (n=22)
• Patients who were not at 

clinical stage IIIB–IV (n=22)

Excluded (n=1)
• Patients who were not at 

clinical stage IIIB–IV (n=1)

2,709 patients with LUAD who received 
PD-1 blockade

Excluded (n=2,905)
• Patients who received PD-1 blockade alone 

(n=2,455)
• Patients who received anlotinib alone (n=450)
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Table 1 Clinical characteristics and treatment of all included patients

Characteristics Combination therapy (N=71), n (%) ICI monotherapy (N=63), n (%) P value

Age (years) 0.755

Median 63 61

Range 35–80 33–82

Gender 0.159

Male 51 (71.8) 38 (60.3)

Female 20 (28.2) 25 (39.7)

Smoking status 0.557

Never smoked 28 (39.4) 28 (44.4)

Smoker 43 (60.6) 35 (55.6)

Clinical T stage 0.899

1 11 (15.5) 7 (11.1)

2 21 (29.6) 19 (30.2)

3 12 (16.9) 12 (19.0)

4 27 (38.0) 25 (39.7)

Clinical N stage 0.093

0 9 (12.7) 8 (12.7)

1 1 (1.4) 7 (11.1)

2 29 (40.8) 25 (39.7)

3 32 (45.1) 23 (36.5)

Clinical M stage 0.066

0 5 (7.0) 9 (14.3)

1a 27 (38.0) 13 (20.6)

1b 11 (15.5) 17 (27.0)

1c 28 (39.4) 24 (38.1)

Clinical stage 0.549

IIIb 4 (5.6) 8 (12.7)

IIIc 1 (1.4) 1 (1.6)

IVa 38 (53.5) 30 (47.6)

IVb 28 (39.4) 24 (38.1)

PD-L1 TPS

<1% 12 (16.9) 11 (17.5)

≥1%, <50% 15 (21.1) 20 (31.7)

≥50% 7 (9.9) 16 (25.4)

Unknown 37 (52.1) 16 (25.4)

Table 1 (continued)
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Table 1 (continued)

Characteristics Combination therapy (N=71), n (%) ICI monotherapy (N=63), n (%) P value

First-line treatment

Chemotherapy 34 (47.9) 42 (66.7)

Chemotherapy combined with PD-1 blockade 12 (16.9) 0

Chemotherapy combined with bevacizumab 22 (31.0) 21 (33.3)

PD-1 blockade monotherapy 3 (4.2) 0

Received ICI before therapy

First-line 15 (21.1) 0

Second and subsequent-line 14 (19.7) 0

No 42 (59.2) 63 (100.0)

PD-1 blockade in the therapy

Pembrolizumab 33 (46.5) 0

Nivolumab 38 (53.5) 63 (100.0)

Treatment line

Second-line 32 (45.1) 63 (100.0)

Third- and subsequent-line 39 (54.9) 0

ICI, immune checkpoint inhibitor; PD-L1, programmed cell death-ligand 1; TPS, tumor proportion score; PD-1, programmed cell death-1.

(range, 35–80 years). In the combination therapy group, 
43 of 71 patients (60.6%) were smokers. At the start of the 
treatment, only 5 patients were classified as c-III, while the 
rest of the patients were classified as c-IV (n=66). There 
were 39 patients with distant metastases (M1b-1c), including 
of the bone (26 cases), brain (13 cases), meninges (2 cases), 
adrenal gland (7 cases), kidney (1 case), liver (5 cases), and 
retroperitoneal lymph nodes (3 cases). Before administration 
of the combination regimen, the PD-L1 tumor proportion 
score (TPS) of tumor cells by immunohistochemistry 
(Dako 22C3 pharmDx, North America, Inc., Carpinteria, 
CA, USA) in 34 patients (47.9%) was assessed with repeat 
biopsy: 12 patients had a TPS <1%, 15 between 1% and 
50%, and 7 ≥50%; PD-L1 expression levels were unknown 
in the other 37 patients (52.1%).

Oral anlotinib (10 mg/d) was administered from day 1 
to day 14 of the 21-day cycle. Intravenous pembrolizumab 
(200 mg every 3 weeks) and intravenous nivolumab  
(3 mg/kg every 2 weeks) were administered.

Of the 71 patients in the combination therapy group, 
32 (45.1%), 26 (36.6%), and 13 (18.3%) had received this 
combination regimen as second-, third-, and fourth-line-
or-later treatment, respectively. In addition, 29 patients 
(40.8%) had received immunotherapy before administration 

of anlotinib and PD-1 inhibitor combination regimen. 
In addition, 34 patients (47.8%) had previously received 
bevacizumab for antiangiogenesis.

Treatment response

The median follow-up of all the patients studied was  
10.05 months (95% CI: 6.65–13.44 months). The ORR 
of the combination therapy and nivolumab monotherapy 
groups were 7.0% and 3.2% (P=0.447), respectively. The 
DCR of the combination therapy group was significantly 
higher than that in the nivolumab monotherapy group 
(81.7% vs. 57.1%; P=0.002). The details of treatment 
efficacy are shown in Table 2.

In the combination therapy group, 39 patients (54.9%) 
discontinued the regimen, with 32 cases discontinuing due to 
disease progression and 7 due to adverse reactions (Table 3).  
The median PFS was 6.00 months (95% CI: 4.34–7.66 
months), and the 6- and 12-month PFS rates were 49.9% 
and 32.2%, respectively. In the ICI monotherapy group, 58 
patients (92.1%) discontinued the regimen and the median 
PFS was 3.41 months (95% CI: 2.16–4.67 months), with 6- 
and 12-month PFS rates of 27.4% and 12.0%, respectively. 
The P value in median PFS between the 2 groups was less 
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Table 2 Treatment responses to the combination therapy and nivolumab monotherapy groups

Treatment response Combination therapy (N=71), n (%) ICI monotherapy (N=63), n (%) P value

CR 0 0

PR 5 (7.0) 2 (3.2)

SD 53 (74.6) 34 (54.0)

PD 13 (18.3) 27 (42.9)

ORR 5 (7.0) 2 (3.2) 0.447

DCR 58 (81.7) 36 (57.1) 0.002

ICI, immune checkpoint inhibitor; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, 
objective response rate; DCR, disease control rate.

Table 3 Adverse events leading to the discontinuation of the anlotinib and PD-1 blockade combination regimen

Patient number Adverse events leading to discontinuation of the regimen Grade

1 Pulmonary embolism (considered anlotinib-related) 3

2 Cerebral infarction (considered anlotinib- or ICI-related) 3

3 Immune encephalitis (considered ICI-related) 2

4 Immune pneumonia (considered ICI-related) 2

5 Immune pneumonia (considered ICI-related) 3

6 Immune pneumonia (considered ICI-related) 3

7 Hematochezia (considered anlotinib-related) 3

PD-1, programmed cell death-1; ICI, immune checkpoint inhibitor.

than 0.001 (Figure 2A).
In this study, a total of 60 patients died: 25 of 71 patients 

(35.2%) in the observation group and 35 of 63 patients 
(55.6%) in the control group. The median OS of the 
combination therapy and nivolumab monotherapy groups 
were 16.13 months (95% CI: 10.48–21.79 months) and 
11.88 months (95% CI: 8.88–14.88 months), respectively, 
with a P value of 0.046. The OS rates of the 2 groups were 
60.2% and 47.5% at 12 months, 38.2% and 10.2% at  
24 months, respectively (Figure 2B).

In the combination therapy group, 7 patients discontinued 
combination therapy due to adverse reactions (Table 3). 
Furthermore, 5 patients developed oral ulcers, gingivitis, 
immune pneumonia, and liver function abnormalities during 
treatment, all of which were grade 1–2 and manageable.

Subgroup analysis of the anlotinib and PD-1 blockade 
combination

In the anlotinib and PD-1 blockade combination therapy 

group (the observation group), the median PFS and OS 
of PD-L1-positive patients (TPS ≥1%) were 8.67 months 
(95% CI: 1.53–15.81 months) and 21.83 months (95% CI: 
8.07–35.60 months), respectively. The median PFS and OS 
of PD-L1-negative (TPS <1%) patients or with unknown 
TPS were 5.20 months (95% CI: 3.40–7.01 months) and 
14.60 months (95% CI: 9.98–19.22 months), respectively. 
The median OS of patients with PD-L1-positive status was 
longer than those with PD-L1-negative or unknown status 
(21.83 vs. 14.60 months). However, the difference was not 
statistically significant (P=0.769).

The median PFS of patients with brain metastases 
was 3.67 months (95% CI: 1.37–5.97 months), and the 
median OS was 5.33 months (95% CI: 3.42–7.25 months); 
meanwhile, the median PFS of patients without brain 
metastases was 6.80 months (95% CI: 3.52–10.08 months), 
and the median OS was 16.47 months (95% CI: 7.72–25.22 
months). The median OS of patients with brain metastases 
was significantly shorter than that in those without brain 
metastases (5.33 vs. 16.47 months; P=0.007).
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Figure 2 Kaplan-Meier curves for progression-free survival (A) 
and overall survival (B). PFS, progression-free survival; PD-1, 
programmed cell death-1; OS, overall survival.

Figure 3 Kaplan-Meier curves for progression-free survival (A) 
and overall survival (B) of the combination therapy group who 
underwent previous immunotherapy or not. PFS, progression-free 
survival; PD-1, programmed cell death-1; OS, overall survival.

Sixteen patients (22.5%) developed cavities in their 
lung lesions during treatment, with a median PFS of  
8.67 months (95% CI: 2.34–15.00 months) and a median 
OS of 14.60 months (95% CI: 6.16–23.05 months). In 
patients without tumor cavitation, the median PFS was 
6.00 months (95% CI: 4.09–7.91 months), and the median 
OS was 16.47 months (95% CI: 1.60–31.34 months). 
The median OS did not differ significantly between those 
patients who did and did not develop cavities (P=0.564).

For patients who had undergone immunotherapy before 
initiating the combination therapy (29 patients, 40.8%), the 
median PFS was 6.80 months (95% CI: 0–17.33 months), and 
the OS was 25.67 months (95% CI: 11.59–39.75 months). 
In contrast, in patients who were not previously exposed to 
immunotherapy (42 patients, 59.2%), the median PFS was 
6 months (95% CI: 4.79–7.21 months), and the median OS 
was 14.60 months (95% CI: 5.69–23.51 months). Patients 
who underwent previous immunotherapy could achieve good 

survival that was not inferior to the survival of those without 
previous immunotherapy (25.67 vs. 14.60 months; P=0.378) 
(Figure 3).

For patients who had undergone antiangiogenic therapy 
before initiating the combination therapy (34 patients, 
47.8%), the median PFS was 5.50 months (95% CI: 
4.06–6.94 months), and the median OS was 9.33 months 
(95% CI: 2.97–15.70 months). The median PFS and OS of 
patients who were not previously exposed to antiangiogenic 
therapy (37 patients, 52.2%) were 10.67 months (95% CI: 
4.28–17.05 months) and 16.47 months (95% CI: 13.68– 
19.26 months), respectively. Patients who had undergone 
previous antiangiogenic therapy did not have a better 
median OS than did those who had not undergone this 
therapy (P=0.462).

Twenty patients were found to have RAS mutations and 
EGFR insertion mutations when they were first diagnosed 
including 2 cases with EGFR exon 20 insertion and 18 cases 
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with RAS mutations [including 15 cases of Kirsten-RAS (KRAS) 
and 3 cases of neuroblastoma-RAS (NRAS)] (Table S1). None 
of these 20 patients received molecular-targeted drugs before 
the combination therapy. The median PFS of patients with 
mutated RAS was 10.67 months (95% CI: not achieved), 
and the median PFS for patients with nonmutated RAS 
was 5.50 months (95% CI: 3.86–7.14 months); the median 
OS were 14.60 months (95% CI: 2.99–26.21 months) and  
16.13 months (95% CI: 10.12–22.15 months), respectively. 
The OS between patients who harbored RAS or those who did 
not was not statistically significantly different (P=0.412).

The multivariate Cox regression related to the PFS 
and OS of the observation group is shown in Figure 4. 

Univariate analyses of the observation subgroup data related 
to the PFS and OS are shown in Table S2 and Table S3.

Discussion

This study investigated the survival of 71 patients with 
advanced driver gene–negative LUAD, revealing that 
patients treated with anlotinib and ICI combination therapy 
as second- or subsequent-line treatment (45.1% of them in 
the second-line and 54.9% in the third-line and beyond) 
achieved favorable clinical outcomes (DCR 81.7%, median 
PFS 6.00 months, median OS 16.13 months), irrespective of 
previous immunotherapy status. The combination showed 

Figure 4 Subgroup analysis of progression-free survival (A) and overall survival (B) in the combination therapy group. PFS, progression-
free survival; PD-L1, programmed cell death-ligand 1; RAS, rat sarcoma; PD-1, programmed cell death-1; OS, overall survival; HR, hazard 
ratio; CI, confidence interval; N, no; Y, yes.

A

B

Sex (male vs. female) 0.9371.055 (0.279–3.982)

HR (95% CI) P value

Age (<65 years vs. ≥65 years) 0.2481.582 (0.726–3.449)

Smoke (N vs. Y) 0.2602.017 (0.596–6.835)

Bone metastases (N vs. Y) 0.5671.262 (0.569–2.801)

Brain metastases (N vs. Y) 0.4941.404 (0.531–3.708)

PD-L1 (–/unknown vs. +) 0.2030.538 (0.207–1.399)

Cavitation (N vs. Y) 0.9130.952 (0.392–2.313)

RAS mutation (– vs. +) 0.0540.311 (0.095–1.020)

Treatment line (2 vs. ≥3) 0.0982.070 (0.874–4.903)

Previously used PD-1 blockade therapy (N vs. Y) 0.3900.660 (0.256–1.702)

Previously used antiangiogenic therapy (N vs. Y) 0.8921.059 (0.464–2.417)

0 1 2 3 4 5

0 1 2 3 4 5

PFS

OS

Sex (male vs. female) 0.5061.982 (0.264–14.882)

P valueHR (95% CI)

Age (<65 years vs. ≥65 years) 0.8320.887 (0.293–2.688)

Smoke (N vs. Y) 0.2652.963 (0.438–20.037)

Bone metastases (N vs. Y) 0.2031.998 (0.689–5.793)

Brain metastases (N vs. Y) 0.1362.454 (0.753–7.996)

PD-L1 (–/unknown vs. +) 0.9531.043 (0.260–4.184)

Cavitation (N vs. Y) 0.6151.358 (0.413–4.469)

RAS mutation (– vs. +) 0.4220.497 (0.090–2.741)

Treatment line (2 vs. ≥3) 0.1832.531 (0.644–9.937)

Previously used PD-1 blockade therapy (N vs. Y) 0.3390.508 (0.127–2.033)

Previously used antiangiogenic therapy (N vs. Y) 0.9771.016 (0.336–3.077)
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an advantage over the second-line immune monotherapy. 
No new adverse events were observed.

The current standard first-line treatment of patients 
with driver-negative advanced LUAD is immunotherapy or 
chemotherapy combined with immunotherapy, depending 
on the PD-L1 expression level. If first-line therapy is 
insufficient, pemetrexed or docetaxel monotherapy is the 
most common second-line treatment modality, with a 
relatively limited benefit (median PFS 2.8–3.5 months, 
median OS 6–9.6 months) (8,10,20,21). For patients 
receiving chemotherapy alone in the first line, single-agent 
immunotherapy in the second line may prolong survival 
compared to docetaxel. However, only a subset of patients 
benefits from immune monotherapy. This study thus 
investigated the ability of second- and later-line therapies to 
prolong patient survival.

Anti-angiogenesis treatment has evolved to achieve 
encouraging results in second-line therapy for NSCLC. 
The combination of ramucirumab and docetaxel could 
increase the efficacy compared with docetaxel alone in 
the second-line of late stage NSCLC (median OS 10.5 vs.  
9.1 months, P=0.023) (12). The combination of nintedanib 
and docetaxel also showed superior efficacy over docetaxel 
monotherapy in second-line treatment of advanced NSCLC 
(median OS 10.1 vs. 9.1 months, P=0.2720), especially in 
LUAD (median OS 12.6 vs. 10.3 months, P=0.0359) (13). 
Relevant clinical outcomes reported are shown in Table S4. 
And in the ALTER0303 trial, multitargeting antiangiogenic 
agent anlotinib monotherapy was shown to benefit patients 
with advanced NSCLC, with a median PFS of 5.4 months 
(95% CI: 4.4–5.6 months) and a median OS of 9.6 months 
(95% CI: 8.2–10.6 months); with driver-positive patients 
(EGFR-sensitive mutations, ALK fusions) being excluded, 
the median OS was 8.9 months (95% CI: 4.7–15.6 months) 
for driver-negative patients (22).

Multitargeting antiangiogenic drugs may have additional 
functions worth exploring, such as significant synergistic 
therapeutic effects in combination with ICIs. A growing 
body of evidence indicates there to be a complex association 
between tumor angiogenesis and the tumor immune 
microenvironment. In the tumor microenvironment, the 
number of mature dendritic cells (DCs) is reduced, antigen-
presenting functions are impaired, and the activation of 
T cells is inhibited through VEGF secreted by tumor 
cells. Moreover, the high level of VEGF can increase the 
number and proliferation of immunosuppressive cells, such 
as regulatory T cells (Tregs), myeloid-derived suppressor 
cells (MDSCs), and M2-like tumor-associated macrophages 

(TAMs) (23). Anlotinib, a novel multitarget tyrosine kinase 
receptor inhibitor, significantly inhibits VEGFR, FGFR, 
PDGFR, and c-Kit, acting on the tumor microenvironment 
and the tumor itself. Anlotinib promotes infiltration of 
the innate immune cells and increases the number of 
DCs, increases tumor antigen presentation, decreases the 
percentage of M2-like TAMs, and induces the conversion 
of TAM to the M1 type (24). Furthermore, anlotinib 
promotes tumor vascular normalization, partly relying on 
CD4+ T cells, thus alleviating immunosuppression in the 
tumor microenvironment (25). ICIs can reduce the activity 
of immunosuppressive cells and indirectly downregulate 
angiogenic factors (26). A combination of antiangiogenic 
drug with ICIs counteracts the immunosuppression caused 
by the upregulation of PD-L1, resulting in the prolongation 
of normalization of tumor vasculature. The incorporation 
of antiangiogenic drug into immunotherapy enhances the 
efficacy of both agents and converts the immune suppressive 
tumor microenvironment into a more immune permissive 
one (25). The efficacy and safety of anti-angiogenesis 
inhibitor combined with ICIs has been validated in clinical 
trials.

In the IMpower 150 trial, the combination of ICIs, 
bevacizumab, and chemotherapy showed an advantage as a 
first-line treatment for nonsquamous NSCLC (27). Some 
studies have found good results with the combination of 
anlotinib and ICIs in a variety of tumors, including lung 
cancer (16,19,28,29). Our study found superior efficacy 
of anlotinib and PD-1 blockade combination therapy as 
second- and subsequent-line treatment of patients with 
advanced driver-negative LUAD, a subset of patients that 
few studies have focused on.

Although immunotherapy has revolutionized the 
treatment of advanced NSCLC in patients without 
oncogenic driver alterations, the management of acquired 
resistance to immunotherapy is challenging. According 
to a randomized phase II Lung-MAP nonmatch substudy 
(S1800A), combination of ramucirumab and pembrolizumab 
demonstrated significantly improved OS (median  
14.5 months) in patients with advanced NSCLC previously 
treated with ICIs and chemotherapy (30). Also, in our study, 
patients who had undergone previous immunotherapy 
received the combination of ICI and anlotinib as second- and 
subsequent-line therapy and benefited from superior efficacy 
of the treatment. This suggests that in immunotherapy-
resistant patients, the addition of antiangiogenic therapy 
may restore immunotherapy sensitivity through potential 
mechanisms such as the normalization of tumor vasculature 
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and reduction of suppressive immune cells. However, the 
underlying mechanisms remain obscure. The combination 
of antiangiogenic therapy and immunotherapy may be 
a treatment option for immunotherapy rechallenge. 
Furthermore, patients in the combination group who 
underwent previous immunotherapy achieved good survival 
that was not inferior to that in patients without previous 
therapy. This indicates the importance of frontline use of 
ICIs and suggests that in patients who can benefit from 
immunotherapy, the addition of antiangiogenic agents 
may maximize the effects of immunotherapy, even after 
immunotherapy resistance occurs.

KRAS is one of the most common oncogenic drivers 
in NSCLC, occurring in approximately 30% of patients 
with LUAD (31). Sotorasib was evaluated for second-
line use in patients with metastatic NSCLC and the 
KRAS G12C mutation (32), but the median PFS was only  
6.3 months (33). Combination of docetaxel and nintedanib 
or ramucirumab did not confer significant benefits in 
patients with KRAS mutations in second-line after first‐line 
immunochemotherapy (34,35) (Table S4). KRAS mutations 
are thought to be closely related to cigarette smoking (36)  
and are associated with higher PD-L1 expression in 
NSCLC through the activation of the downstream MEK 
signaling pathway (37,38). Previous studies have found 
that patients with KRAS-driven LUAD may benefit 
from immunotherapy (39,40). Patients with KRAS or 
NRAS mutations in this study who received anlotinib 
and PD-1 blockade combination therapy had good 
clinical outcomes (median PFS 10.67 months, median OS  
14.60 months), and 44.4% of whom had received previous 
immunotherapy. Even as second- and subsequent-line 
treatment, immunotherapy combined with antiangiogenic 
therapy provided better benefit to patients with KRAS-
mutant LUAD.

Bevacizumab plus chemotherapy was once a standard-
of-care treatment in driver-negative advanced LUAD, 
but the AvaALL trial reported that the continuous use of 
bevacizumab after progression provided no improvement 
in survival (41). Our study found the effect of anlotinib and 
PD-1 blockade combination therapy was not satisfactory in 
patients who had undergone previous antiangiogenic therapy 
(median PFS 5.50 months, median OS 9.33 months).  
Anlotinib is a VEGF pathway inhibitor that acts on its 
receptor, VEGFR, in a manner similar to the action of 
bevacizumab (competing with the VEGF-A factor to block 
its binding to VEGFR). The result further confirmed that 
the use of antivascular drugs beyond disease progression is 

less effective.
The expression of PD-L1 in NSCLC is important in 

selecting patients to treat with ICIs, not only in late stage 
but also in neoadjuvant treatment (3-6,42). In this study, 
patients with PD-L1 positive appeared to benefit more from 
combination therapy than patients with PD-L1-negative 
or unknown (21.83 vs. 14.60 months), but this was not 
statistically supported. In addition, this combination did not 
demonstrate a benefit in survival for patients who had brain 
metastases or patients with lesion cavitation. This suggests 
that biomarkers are needed to better define populations 
who will benefit the most from this combination treatment.

The adverse reactions in the combination therapy group 
were essentially associated with either anlotinib or ICI use, 
with a low incidence of grade 3 adverse events, all of which 
were resolved after intervention or discontinuation. This 
is in accordance with the conclusions reported in previous 
studies: the combination of antiangiogenic agents and ICIs 
did not lead to an increase in side reactions (43,44).

Combinations of anti-PD-1/PD-L1 antibodies with 
other therapeutic options are being explored as potentially 
synergistic therapeutic strategies, such as the combination of 
lag-3 monoclonal antibodies and PD-1/PD-L1 inhibitors, 
which suggests that the “chemotherapy-free” approach may 
be feasible.

The shortfall of our study is its retrospective nature 
and, as a result, subject to some inherent selection bias, 
which needs to be taken into account when interpreting 
the results. Some patients in the observation and control 
groups had not died at the last follow-up, contributing 
to the immaturity of OS; moreover, there was some 
degree of heterogeneity in the observation group because 
some patients received combination therapy in third-
line or beyond and some patients received previous 
immunotherapy. Moreover, biomarkers for this combination 
therapy still need to be identified.

Conclusions

In summary, the combination of the multitargeting tyrosine 
kinase inhibitor anlotinib and PD-1 blockade demonstrated 
significant benefits in the second- and subsequent-line 
treatment of driver-negative patients with advanced LUAD. 
This combination warrants further clinical verification.
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Supplementary

Table S1 EGFR and RAS mutations in the combination therapy group

Patient number Mutations

1 NRAS Q61K

2 KRAS G12C

3 NRAS Q61H

4 KRAS G12V

5 KRAS G12L

6 KRAS G12C, copy number amplification

7 EGFR 20ins

8 KRAS G12V

9 KRAS G12C

10 KRAS G12A

11 KRAS G12V

12 KRAS G13D

13 KRAS G12A

14 KRAS G12A

15 NRAS Q61L

16 KRAS G12C

17 KRAS G12V

18 KRAS 2G12S

19 EGFR 20ins

20 KRAS Q61H

EGFR, epidermal growth factor receptor; RAS, rat sarcoma; 
KRAS, Kirsten-RAS; NRAS, neuroblastoma-RAS.
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Table S2 Univariate analyses of the observation subgroup data related to progression-free survival 

Characteristic DCR (%) Median PFS (months) (95% CI) P value

Sex (male vs. female) 80.4 vs. 85.0 6.47 (4.73-8.20) vs. 6.00 (3.01-8.99) 0.920

Age (<65 years vs. ≥65 years) 76.3 vs. 87.9 5.50 (3.91-7.09) vs. 8.67 (2.63-14.71) 0.888

Smoke (No vs. Yes) 85.7 vs. 79.1 6.80 (0-13.73) vs. 6.00 (4.34-7.66) 0.561

Bone metastases (No vs. Yes) 86.7 vs. 73.1 8.67 (5.02-12.31) vs. 5.20 (3.89-6.51) 0.191

Brain metastases (No vs. Yes) 82.8 vs. 76.9 6.80 (3.52-10.08) vs. 3.67 (1.37-5.97) 0.259

PD-L1(-/unknown vs. +) 77.6 vs. 90.9 5.20 (3.40-7.01) vs. 8.67 (1.53-15.81) 0.337

Cavitation (No vs. Yes) 79.6 vs. 87.5 6.00 (4.09-7.91) vs. 8.67 (2.34-15.00) 0.683

RAS mutation (- vs. +) 77.4 vs. 94.4 5.50 (3.86-7.14) vs. 10.67 (not achieved) 0.082

Treatment line (2 vs. ≥ 3) 84.4 vs. 79.5 10.67 (3.95-17.38) vs. 5.13 (3.45-6.82) 0.077

Previously used PD-1 blockade therapy (No vs. Yes) 78.6 vs. 86.2 6.00 (4.79-7.21) vs. 6.80 (0-17.33) 0.456

Previously used antiangiogenic therapy (No vs. Yes) 86.5 vs. 76.5 10.67 (4.28-17.05) vs. 5.50 (4.06-6.94) 0.171

DCR, disease control rate; PFS, progression-free survival; 95%CI, 95% confidence interval; PD-L1, programmed cell death-ligand 1; RAS, 
rat sarcoma; PD-1, programmed cell death-1.

Table S3 Univariate analyses related to overall survival of the combination therapy group

Characteristic Median OS (months) (95% CI) P value

Sex (male vs. female) 14.60 (8.23-20.98) vs. 16.47 (6.44-26.50) 0.671

Age (<65 years vs. ≥65 years) 12.37 (4.92-19.81) vs. 25.67 (12.25-39.09) 0.105

Smoke (No vs. Yes) 16.47 (5.25-27.69) vs. 14.60 (4.42-24.78) 0.220

Bone metastases (No vs. Yes) 21.83 (12.61-31.06) vs. 12.00 (3.64-20.36) 0.052

Brain metastases (No vs. Yes) 16.47 (7.72-25.22) vs. 5.33 (3.42-7.25) 0.007

PD-L1(-/unknown vs. +) 14.60 (9.98-19.22) vs. 21.83 (8.07-35.60) 0.769

Cavitation (No vs. Yes) 16.47 (1.60–31.34) vs. 14.60 (6.16–23.05) 0.564

RAS mutation (- vs. +) 16.13 (10.12-22.15) vs. 14.60 (2.99-26.21) 0.412

Treatment line (2 vs. ≥ 3) 21.83 (12.17-31.49) vs. 12.37 (4.88-19.86) 0.077

Previously used PD-1 blockade therapy (No vs. Yes) 14.60 (5.69-23.51) vs. 25.67 (11.59-39.75) 0.378

Previously used antiangiogenic therapy (No vs. Yes) 16.47 (13.68-19.26) vs. 9.33 (2.97-15.70) 0.462

OS, overall survival; 95% CI, 95% confidence interval; PD-L1, programmed cell death-ligand 1; RAS, rat sarcoma; PD-1, programmed cell 
death-1.
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Table S4 Relevant clinical outcomes reported in the literatures and our study

Study Number of patients PFS OS

Yu L et al. (this study, advanced recurrent 
driver-negative LUAD, second-line and later)

anlotinib+PD-1 inhibitor (n=71) vs nivolumab 
(n=63)

median 6.00 months (95%CI 4.34-7.66) (ORR 7.0%, DCR 81.7%) vs 
3.41 months (95%CI 2.16-4.67), P<0.001; patients with and without RAS 
mutations: median 10.67 months (95%CI not achieved) vs 5.50 months 
(95%CI 3.86-7.14), HR 0.444 (95%CI 0.172-1.143), P=0.082

median 16.13 months (95%CI 10.48-21.79) vs 11.88 months (95%CI 8.88-
14.88), P=0.046; patients with and without RAS mutations: median 14.60 
months (95%CI 2.99-26.21) vs 16.13 months (95%CI 10.12-22.15), HR 
0.603 (95%CI 0.177-2.050), P= 0.412

LUME-Lung 1 (13) (stage IIIB/IV recurrent 
NSCLC progressing after first-line 
chemotherapy, second-line)

docetaxel+nintedanib (n=655, LUAD: n=322) 
vs docetaxel+placebo (n=659, LUAD: n=336)

median 3.4 months (95%CI 2.9-3.9) vs 2.7 months (95%CI 2.6-2.8), HR 
0.79 (95%CI 0.68-0.92), P=0.0019

median 10.1 months (95%CI 8.8-11.2) vs 9.1 months (95%CI 8.4-10.4), 
HR 0.94 (95%CI 0.83-1.05), P=0.2720; LUAD: median 12.6 months (95%CI 
10.6-15.1) vs 10.3 months (95%CI 8.6-12.2), HR 0.83 (95%CI 0.70-0.99), 
P=0.0359

REVEL (12) (stage IV NSCLC progressed 
during or after first-line platinum-based 
chemotherapy, second-line)

docetaxel+ramucirumab (n=628) vs 
docetaxel+placebo (n=625)

median 4.5 months (IQR 2.3-8.3) vs 3.0 months (IQR 1.4-6.9), HR 0.76 
(95%CI 0.68-0.86), p<0.0001

median 10.5 months (IQR 5.1-21.2) vs 9.1 months (IQR 4.2-18.0), HR 0.86 
(95%CI 0.75-0.98), P=0.023

VARGADO Cohort C (34) (locally advanced, 
metastatic, or locally recurrent LUAD 
following first line chemotherapy with ICIs, 
second-line)

docetaxel+nintedanib (n=137) median 4.8 months (95%CI 3.7-6.6) (DCR 72.5%); patients with and 
without KRAS mutations: median 4.8 months (95%CI 2.2–not estimable) 
vs 6.4 months (95%CI 2.5–9.9), P=0.4784

immature

Brueckl WM et al. (35) (stage IV NSCLC 
following first-line chemotherapy plus ICI, 
second-line)

docetaxel+ramucirumab (n=77) median 3.9 months (95%CI 3.1-4.6) (ORR 32.5%, DCR 62.4%); patients 
with and without KRAS mutations: median 2.8 months (95%CI 1.7-3.9) 
vs 4.5 months (95%CI 2.6-6.4), P=0.021

median 7.5 months (95%CI 5.1-10.0)

Brueckl WM et al. (45) (stage IV NSCLC 
following second-line ICI, third-line)

docetaxel+ramucirumab (n=67) median 6.8 months (95%CI 4.6-9.0) (ORR 36%, DCR 69%) median 11.0 months (95%CI 7.1-14.9)

Lung-MAP S1800A (30) (advanced NSCLC 
previously treated with ICI and platinum-
based chemotherapy)

ramucirumab+pembrolizumab (n=69) vs 
standard of care (docetaxel/ramucirumab,do
cetaxel,gemcitabine, and pemetrexed) (n=67)

median 4.5 months (80%CI 4.2-6.1) vs 5.2 months (80%CI 4.2-5.7), HR 
0.86 (80%CI 0.66-1.14), P=0.25 (one-sided, standard log-rank test), 
P=0.14 (one-sided, weighted log-rank test)

median 14.5 months (80%CI 13.9-16.1) vs 11.6 months (80%CI 9.9-13.0), 
HR 0.69 (80%CI 0.51-0.92), P=0.05 (one-sided, standard log-rank test), 
P=0.15 (one-sided, weighted log-rank test)
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