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Objective: This study aimed to explore whether the combination of anlotinib and immunotherapy is an effective and safe alternative 
to chemotherapy for clinical treatment. Provide a new treatment plan for elderly patients who are unwilling to undergo chemotherapy, 
intolerant to chemotherapy, or have poor ECOG PS scores.
Methods: This is a single-center retrospective investigation that collected clinical data of 58 elderly aNSCLC patients treated with 
anlotinib monotherapy or anlotinib plus PD-1/PD-L1 inhibitor combination therapy at Nanjing Chest Hospital during the period from 
January 1, 2020 to December 31, 2023, with the study being subject to a limited sample size.
Results: Fifty-eight elderly patients were evaluated after two cycles of anlotinib monotherapy and combined therapy. In the 
monotherapy group of 28 patients, the ORR and DCR were 25.0% (7/28) and 78.6% (22/28), respectively. Besides, the mPFS and 
the mOS reached up to 5.4 months (95% CI, 4.4–6.4 months) and 11.2 months (95% CI, 7.2–15.2 months), respectively. In the group 
with combination therapy of 30cases, the ORR for this group was calculated at 30.0% (9/30), the DCR was higher, at 86.7% (26/30), 
the mPFS and the mOS were determined to be 8.5 months (95% CI, 7.3–9.7 months) and 17.8 months (95% CI, 13.2–22.4 months), 
respectively. In multivariate COX analysis, brain metastasis and treatment methods were found to be independent risk factors for PFS 
alongside OS. Both groups had a comparable overall incidence of adverse events (AEs), at 70.0% and 64.3% respectively, with no 
statistically significant difference noted in the rate of grade 3 and above adverse events (23.3% versus 17.9%).
Conclusion: Anlotinib combined with immunotherapy demonstrated superior efficacy and better tolerability than anlotinib alone. The 
combination of anlotinib and immunotherapy may provide a “chemo-free” treatment mode for elderly patients with non-small cell lung 
cancer who refuse or cannot tolerate chemotherapy and have poor ECOG PS scores.
Keywords: anlotinib, immunotherapy, PD-1/PD-L1, non-small cell lung cancer, elderly patients, chemo-free

Introduction
Of all cancers worldwide, lung cancer (LC) represents the most prevalent form and accounts for the greatest number of 
fatalities, particularly in China.1,2 Non-small cell lung cancer (NSCLC) represents the most common form of lung 
malignancy, and most patients are diagnosed at an advanced stage, which contributes to unfavorable clinical outcomes 
and low overall survival.3,4 Over the past ten years, there have been considerable advancements in the management of 
advanced LC. In cases of NSCLC where driver gene mutations are identified, molecular targeted therapy constitutes the 
preferred initial therapeutic approach according to current clinical guidelines.5,6 Platinum-based dual-drug chemotherapy 
remains the primary treatment method for advanced NSCLC (aNSCLC) without driver gene mutations. With the 
emergence of immunotherapy, chemotherapy combined with immunotherapy has become a standard treatment that 
significantly improves patients’ quality of life and prolongs survival. In recent years, treatment options such as 
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immunotherapy and anti-angiogenic therapy have emerged one after another. The growth and metastasis of tumors 
depends on the formation of tumor neovascularization; however, patients receiving anti angiogenic monotherapy did not 
show significant improvement in prognosis. Immune checkpoint inhibitors(ICIs) have led to a notable improvement in 
clinical outcomes for eligible lung cancer patients. However, immunotherapy alone is only suitable for patients with high 
PD-L1 expression.7 For patients with low or negative PD-L1 expression, immunotherapy alone yields limited benefit. As 
recommended by major guidelines, the standard first-line strategy is ICI-based combination therapy with chemotherapy 
or anti-angiogenic agents to improve clinical outcomes.8 Although the therapeutic benefits of immunotherapy combined 
with chemotherapy are not affected by PD-L1 expression, adverse reactions caused by chemotherapy are significant.9,10 

In particular, elderly patients often have comorbidities and impaired organ function, resulting in lower tolerance and 
higher toxicity risk to platinum-based doublet chemotherapy. We are seeking an alternative to chemotherapy, a “chemo- 
free” strategy, particularly for elderly patients who are either unwilling to receive chemotherapy or unable to endure it 
and who also have low ECOG PS scores. Notably, most randomized controlled trials on anti-angiogenic combined 
immunotherapy have strict inclusion criteria, with elderly patients over 70 years old or those with ECOG PS score ≥2 
often underrepresented or even excluded, leading to scarce real-world evidence and a lack of targeted treatment 
recommendations for this special population. This research gap directly results in clinical treatment dilemmas, which 
is the core motivation of our study.

PD-1/PD-L1 regulates the immune microenvironment and inhibits abnormal tumor angiogenesis. Upon activation, 
CD4+ T cells, CD8+ T cells, and Th1 cells can generate cytokines such as interferon-gamma (IFN-γ) and tumor necrosis 
factor (TNF), which have anti-tumor properties. These cytokines enhance the ability of the immune system to recognize 
tumor antigens and destroy tumor cells, thereby contributing to the normalization of blood vessels.11,12 Therapy with 
anti-angiogenic drugs can alter the tumor microenvironment to stimulate the immune system, thereby producing effective 
anti-tumor immune responses. Among anti-angiogenic agents, bevacizumab is often combined with chemotherapy or 
immunotherapy but has limited application in elderly poor-PS patients due to higher risks of bleeding and proteinuria; 
ramucirumab is mainly recommended for second-line or later treatment with modest single-agent efficacy. As a small- 
molecule drug, anlotinib functions as a multi-target tyrosine-kinase inhibitor and is capable of suppressing tumor 
angiogenesis as well as the proliferation of tumor cells. Compared with bevacizumab and ramucirumab, anlotinib has 
advantages of oral administration, mild adverse reactions, a broader anti-tumor spectrum, and better blood-brain barrier 
penetration, making it more suitable for elderly aNSCLC patients with poor PS scores. Although anlotinib shows 
significant efficacy in the initial treatment phase, some patients may develop resistance in the short term (usually within 
a few months), leading to limited treatment duration. Some studies have indicated that anlotinib can strengthen the key 
components of the tumor immune cycle. When combined with immunotherapy medications, it exhibits a synergistic 
effect that enhances anti-tumor efficacy. This synergistic boost can lead to a more enduring antitumor response from the 
ICIs.13 Additionally, cytoprotective autophagy is an important mechanism underlying primary and secondary resistance 
to PD-1/PD-L1 immunotherapy, as it promotes tumor cell survival under immune attack and reduces the killing effect of 
ICIs; PD-L1 can further aggravate this resistance by inducing autophagy via the MAPK signaling pathway. Notably, 
anlotinib can down-regulate tumor cell autophagy through inhibiting the MAPK/ERK pathway, thereby reversing 
autophagy-mediated resistance to PD-1/PD-L1 inhibitors, which further explains the synergistic anti-tumor mechanism 
of the combination therapy.14–16

This clinical investigation sought to conduct a retrospective assessment of the therapeutic efficacy and safety profile 
of anlotinib combined with PD-1/PD-L1 inhibitors for elderly aNSCLC patients. To provide a “chemo-free” treatment 
mode for aNSCLC patients who are elderly, refuse or cannot tolerate chemotherapy, and have poor ECOG PS scores, 
enabling them to achieve a favorable prognosis and better quality of life.

Patients and Methods
Patients
From January 1, 2020, to December 31, 2023, Nanjing Chest Hospital diagnosed approximately 845 cases of aNSCLC, 
of which 213 patients were aged 70 years and above. Among the elderly patients with aNSCLC who received anlotinib 
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monotherapy and anlotinib combined with immunotherapy, there were 115 cases, including 50 patients who also received 
other anti-tumor medications and 7 patients who refused to disclose their condition and could not be followed up. 
Therefore, this study included 58 eligible patients, comprising 28 patients who received anlotinib monotherapy and 30 
patients who received anlotinib combined with immunotherapy. A screening flowchart is shown in Figure 1. These 
included sex, ECOG PS score, smoking status, pathological type, distant metastatic organ, number of lines of previous 
treatment, gene mutation status, and the treatment plan. These patients were treated with at least one cycle of anlotinib 

Figure 1 Flowchart of the screening procedure.
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monotherapy or anlotinib in combination with ICIs. Inclusion criteria: NSCLC confirmed by histology or cytology to 
have adenocarcinoma (ADC) or squamous cell carcinoma (SCC), stage III–IV, with measurable lesions, unwillingness to 
undergo chemotherapy, intolerance to chemotherapy (elderly, poor nutritional status, poor ECOG score), and estimated 
survival time exceeding 3 months. The exclusion Criteria: Small cell lung cancer, central squamous cell carcinoma, 
severe cardiovascular diseases, severe hepatic or renal insufficiency, autoimmune diseases requiring long-term immu
nosuppressive therapy, moderate to severe interstitial pneumonia, concurrent malignancies at other sites, active bleeding, 
or a high risk of major bleeding.

Therapeutic Method
Anlotinib was administered at 12 mg/day for a continuous period of 14 days, followed by a 7-day break, which 
constituted a 21-day cycle. For PD-1 monoclonal antibody therapy, sintilimab (200 mg) or tislelizumab (200 mg) was 
chosen. In contrast, for PD-L1 monoclonal antibody therapy, either durvalumab (1000 mg) or atezolizumab (1200 mg) 
was administered every 21 days. Treatments were administered until disease progression, tolerable toxic AEs, or death 
occurred.

Efficacy and the Safety of Treatments
The clinical efficacy for treatments was assessed utilizing the RECIST 1.1 criteria for solid tumor response. Progression- 
free survival (PFS) was designated as the primary prognostic endpoint, and overall survival (OS), objective response rate 
(ORR), disease control rate (DCR), duration of response (DOR), and safety were regarded as secondary endpoints. AEs 
were recorded in compliance with the Common Terminology Criteria for Adverse Events (CTCAE) version 4.03.

Statistical Analysis
Statistical analysis was conducted using Prism8.0 (GraphPad software, La Hoya, USA) and SPSS (version 27.0; IBM, 
Armonk, New York, USA). Quantitative data are reported as the mean ± standard deviation, and intergroup differences 
were analyzed using the t-test or rank sum test. The chi-square test or Fisher’s exact test was applied to compare clinical 
characteristics and treatment efficacy across groups, and Kaplan-Meier analysis was used for survival curve assessment. 
Moreover, Cox proportional hazards regression was employed for univariate and multivariate examinations to assess 
factors associated with treatment response and survival outcomes. Differences were considered statistically significant at 
P values less than 0.05. It should be noted that this study is a retrospective exploratory analysis, and due to the limited 
sample size inherent to this study, formal power calculation was not performed during the study design, and the statistical 
power is insufficient to detect potential significant differences among subgroups.

Results
Baseline Characteristics of aNSCLC Patients
Fifty-eight elderly patients with aNSCLC were enrolled between January 2020 and December 2023. Baseline demo
graphic and clinical characteristics of the study cohort are summarized in Table 1. Within this cohort, 28 patients (median 
age 75 years) received anlotinib monotherapy. This group comprised of 20 males and 8 females. Specifically, there were 
18 ADC and 10 SCC cases. 21 patients had a smoking history, while seven had never smoked. Notably, 13 patients had 
an ECOG PS score of 0–1, whereas 15 had an ECOG PS score of ≥2. Furthermore, 17 cases exhibited fewer than 3 
metastatic sites, whereas 11 cases had 3 or more sites, including 15 with brain metastasis and 8 with liver metastasis. In 
terms of treatment distribution, first-line and other-line treatments were administered in nine and 19 cases, respectively. 
Additionally, 5 patients had EGFR mutations, and 11 tested positive for PD-L1 expression.

There were 30 patients receiving combination therapy, the median age at baseline was 73 years, including 19 males as 
well as 11 females. This group consisted of 21 patients with ADC and nine patients with SCC, with 22 patients being 
ever smokers and eight patients with no smoking history. Regarding the ECOG PS scores,12 patients scored 0–1, while 
18 patients scored ≥2. Furthermore, 16 cases had fewer than three metastatic sites and 14 cases had three or more sites, 
including 19 cases with brain metastasis and 13 cases with liver metastasis. First-line and other-line treatments were 
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administered to 10 and 20 patients, respectively. Additionally, there were 6 cases of EGFR mutations and 14 cases of PD- 
L1 positivity in this group. Notably, all EGFR-positive patients received EGFR-TKI treatment.

Efficacy Evaluation
Fifty-eight patients were evaluated for efficacy after completing 2 cycles of treatment with either anlotinib monotherapy 
or combination therapy. In the anlotinib monotherapy group, the median follow-up time were 7.7 months. The shorter 
follow-up time in the monotherapy group was due to early death and disease progression. PR, SD, and PD were observed 
in seven, 15, and six patients, respectively. The ORR was 25.0% (7/28), DCR was 78.6% (22/28), and the median DOR 
was 7.6months (95% CI, 5.7–9.8 months). The maximum percent change from baseline in target lesion dimensions was 
−50% (Figure 2A). However, the median follow-up duration in the combination therapy group was 18.6 months. Nine 
patients achieved PR, 17 exhibited SD, and four experienced PD, resulting in an ORR of 30.0% (9/30) and a DCR of 
86.7% (26/30), and the median DOR was 12.3months (95% CI, 9.1–14.4 months). The greatest percentage change 
observed in the target lesion size from baseline was −90% (Figure 2B). Median progression-free survival (mPFS) and 
median overall survival (mOS) in the anlotinib monotherapy cohort were 5.4 months (95% CI, 4.4–6.4 months) and 11.2 
months (95% CI, 7.2–15.2 months), respectively (Figure 3A). For the combination therapy group, the corresponding 

Table 1 Baseline Characteristics of Study Population

Characteristics Anlotinib (n=28) Anlotinib+PD-1/PD-L1 (n=30) P value

Age, years
Median 75 73

Range 70-87 70-85

Gender, n (%) 0.624
Male 20 (71.4%) 19 (63.3%)

Female 8 (28.6%) 11 (36.7%)

Pathology, n (%) 0.531
Adenocarcinoma 18 (64.3%) 21 (70.0%)

Squamous cell carcinoma 10 (35.7%) 9 (30.0%)
Smoking status, n (%) 0.465

Never smoked 7 (25.0%) 8 (27.7%)

Current or former smoker 21 (75.0%) 22 (73.3%)
ECOG PS, n (%) 0.227

0-1 13 (46.4%) 12 (40.0%)

≥2 15 (53.6%) 18 (60.0%)
Number of lines of treatment, n (%) 0.185

First-line 9 (32.1%) 10 (33.3%)

Other-lines 19 (67.9%) 20 (66.7%)
Metastatic sites, n (%) 0.432

<3 17 (60.7%) 16 (53.3%)

≥3 11 (39.3%) 14 (46.7%)
Liver metastases, n (%) 0.364

Absent 20 (71.4%) 17 (56.7%)

Present 8 (28.6%) 13 (43.3%)
Brain metastases, n (%) 0.415

Absent 13 (46.4%) 11 (37.7%)

Present 15 (53.6%) 19 (63.3%)
EGFR mutation, n (%) 0.487

Positive 5 (17.9%) 6 (20.0%)

Negative 23 (82.1%) 24 (80.0%)
PD-L1 status, n (%) 0.164

Positive (TPS≥1%) 11 (39.3%) 14 (46.7%)

Negative (TPS<1%) 17 (60.7%) 16 (53.3%)
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mPFS and mOS were 8.5 months (95% CI, 7.3–9.7 months) and 17.8 months (95% CI, 13.2–22.4 months), respectively 
(Figure 3B).

In univariate COX analysis, treatment lines (P=0.031), site of metastasis (P=0.024), brain metastasis (P=0.007), and 
treatment method (P=0.014) were associated with PFS (Table 2). In addition, ECOG PS score (P=0.027), metastatic sites 
(P=0.025), brain metastasis (P=0.003), and treatment plan (P=0.006) were correlated with OS (Table 3). However, 
histological type, clinical stage, liver metastasis, EGFR positivity, and PD-L1 positivity were not significantly associated 
with the survival outcomes. In the multivariate COX analysis, it was found that brain metastasis and treatment methods 
were independent prognostic factors for predicting PFS and OS (Tables 2 and 3). Log rank tests were performed to 

Figure 2 Waterfall plot of maximum change in tumor size in anlotinib (A) and anlotinib plus PD-1/PD-L1 (B). 
Abbreviations: PD, progressive disease; SD, stable disease; PR, partial response.

Figure 3 Kaplan-Meier survival curve of progression free survival (A) as well as overall survival (B) in the groups with anlotinib and anlotinib plus PD-1/PD-L1. 
Abbreviations: PFS, progression-free survival; OS, over survival.
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compare PFS and OS rates across different treatment methods and between groups with and without brain metastasis, and 
the differences were statistically significant (Figures 2 and 3).

Safety
In the combination therapy group, 21 patients (70.0%) experienced AEs, including fatigue (12/30,40.0%), 
hypertension (13/30,43.3%), decreased appetite (11/30,36.7%), diarrhea (10/30,33.3%), neutropenia (7/ 
30,23.3%), proteinuria (7/30,23.3%), hypothyroidism (5/30,16.7%), and nausea (4/30,13.3%). In the anlotinib 
monotherapy group, 18 patients (64.3%) experienced AEs, with the most common being decreased appetite (13/ 
28,46.4%), hypertension (11/28,39.3%), fatigue (10/28,35.7%), diarrhea (9/28,32.1%), proteinuria (7/28,25.0%), 
neutropenia (5/28,17.9%), hepatic function abnormalities (4/28,14.3%), thrombocytopenia (5/28,17.9%), and 
hand–foot syndrome (3/28,10.7%). The overall incidence of AE was similar among the two groups (P>0.05; 
Table 4). In the group with combination therapy, there were seven cases (23.3%) of grade 3 AEs, similar to five 
cases (17.9%) in the group with anlotinib monotherapy (P > 0.05) (Table 4). No fatal AEs occurred in either of 
the groups.

Table 2 Univariate and Multivariate Cox Regression Analysis of Factors Associated with PFS

Characteristics Univariate Analysis Multivariate Analysis

HR 95% CI p value HR 95% CI p value

Gender (Male vs Female) 1.134 0.545–1.968 0.658

Histology (SCC vs ADC) 0.650 0.314–1.125 0.083
Smoking (Yes vs No) 0.647 0.321–1.102 0.101

ECOG PS (0–1 vs ≥2) 1.823 0.979–2.873 0.062

Treatment lines (First line vs Other lines) 0.376 0.216–0.857 0.031 0.553 0.336–1.235 0.176
Metastatic sites (≥3 vs <3) 3.245 1.654–5.612 0.024 1.643 0.787–3.356 0.111

Liver metastases (Yes vs No) 1.336 0.634–2.756 0.283

Brain metastases (Yes vs No) 4.456 2.356–8.236 0.007 3.747 1.837–8.176 0.018
EGFR mutation (Positive vs Negative) 0.745 0.465–1.178 0.245

PD-L1 status (Positive vs Negative) 1.201 0.523–3.131 0.712

Treatment plan (A+P vs A) 0.389 0.236–0.846 0.014 0.512 0.287–0.921 0.031

Notes: A+P, Anlotinib+PD-1/PD-L1; A, Anlotinib.

Table 3 Univariate and Multivariate Cox Regression Analysis of Factors Associated with OS

Characteristics Univariate Analysis Multivariate Analysis

HR 95% CI p value HR 95% CI p value

Gender (Male vs Female) 1.254 0.635–2.356 0.535

Histology (SCC vs ADC) 0.712 0.328–1.331 0.254

Smoking (Yes vs No) 0.644 0.337–1.311 0.161
ECOG PS (0–1 vs ≥2) 0.432 0.243–0.925 0.027 0.721 0.351–1.473 0.381

Treatment lines (First line vs Other lines) 0.821 0.345–2.601 0.891

Metastatic sites (≥3 vs <3) 3.113 1.589–5.987 0.025 1.576 0.657–3.688 0.295
Liver metastases (Yes vs No) 1.282 0.603–2.733 0.565

Brain metastases (Yes vs No) 6.324 2.871–14.12 0.003 5.676 3.314–15.35 0.011

EGFR mutation (Positive vs Negative) 0.824 0.371–1.756 0.653
PD-L1 status (Positive vs Negative) 0.413 0.138–1.176 0.089

Treatment plan (A+P vs A) 0.368 0.187–0.863 0.006 0.352 0.156–0.811 0.019

Notes: A+P, Anlotinib+PD-1/PD-L1; A, Anlotinib.
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Discussion
Elderly patients often have multiple underlying diseases, such as decreased liver and kidney function, weakened drug 
metabolism and excretion ability, poor PS score, high risk of chemotherapy, and poor tolerance. Therefore, these patients 
are more inclined to undergo chemotherapy and targeted therapy is the preferred option. However, not all patients exhibit 
drug-sensitive mutations. Anlotinib is a good choice for elderly patients without sensitive mutations. Studies have shown 
that using anlotinib monotherapy as third line treatment, the mPFS and the mOS have been reported to be 5.4 months and 
9.6 months, respectively.17 However, monotherapy with anlotinib often has a short resistance time and cannot achieve 
longer survival benefits, whereas PD-1/PD-L1 inhibitors enhance their killing effect on tumor cells by activating the 
patient’s own immune system. The combination of the two may produce a synergistic effect and enhance antitumor 
activity. In Phase 3 clinical studies on NSCLC, the mOS of nivolumab was used as a second-line treatment was 9.2 
months for cases with advanced SCC and 12.2 months for those with non-SCC.18 In our study, for aNSCLC patients with 
anlotinib monotherapy, the mPFS and mOS was 5.4 months and 11.2 months, respectively; In contrast, for those with 
anlotinib plus PD-1/PD-L1, the values were 8.5 months and 17.8 months, respectively. Therefore, by integrating this 
study with existing literature data, the combination of anlotinib and immunotherapy may have a greater survival 
advantage in aNSCLC than anlotinib alone.

In this study, multivariate COX analysis revealed that brain metastasis was a risk factor for predicting survival, 
whereas immunotherapy combined with anlotinib was a protective factor. We hypothesize that the protective effect of the 
combined therapy may stem from the synergistic mechanism between anlotinib and ICIs, anlotinib is capable of 
inhibiting tumor angiogenesis and attenuating the immunosuppressive microenvironment, thereby strengthening the anti- 
tumor activity of ICIs and further reduces the risk of brain metastasis. This observation is in line with the conclusions of 
previous researches, which have demonstrated that TKIs and ICIs exert a synergistic anti-tumor effect in cancer 
treatment.19 In terms of blood-brain barrier permeability, anlotinib has a lower molecular weight and higher lipid 
solubility than other TKIs like sorafenib and regorafenib, enabling it to cross the blood-brain barrier more effectively 
and exert anti-tumor effects within the central nervous system. This could be one of the key reasons why the combined 
therapy achieves superior efficacy in patients with brain metastasis, and this conclusion supported by studies on anlotinib 
plus EGFR-TKIs for the management of advanced EGFR-mutant NSCLC, where patients with brain metastasis gained 
more significant PFS benefits from the combined regimen.20 Furthermore, relevant studies have indicated that targeted 
drugs with excellent blood-brain barrier penetration capacity can effectively improve the therapeutic outcome of brain 
metastasis, which further validates our hypothesis.21 There are studies showing that immunity and anti-angiogenic drugs 

Table 4 Comparison of Adverse Events Between Groups

AEs All AEs Grade ≥3 AEs

A A+P p value A A+P p value

Hypertension 11 (39.3%) 13 (43.3%) 0.532a 2 (7.1%) 3 (10.0%) 0.878b

Proteinuria 7 (25.0%) 7 (23.3%) 0.876a 2 (7.1%) 2 (6.7%) 1.000b

Thrombocytopenia 5 (17.9%) 6 (20.0%) 0.564a 1 (3.6%) 1 (3.3%) 1.000b

Hypothyroidism 1 (3.6%) 5 (16.7%) 0.122b 0 (0.0) 1 (3.3%) 1.000b

Diarrhoea 9 (32.1%) 10 (33.3%) 0.905a 0 (0.0) 0 (0.0) NA
Fatigue 10 (35.7%) 12 (40.0%) 0.734a 0 (0.0) 0 (0.0) NA

Decreased appetite 13 (46.4%) 11 (36.7%) 0.465a 0 (0.0) 0 (0.0) NA

Neutropenia 5 (17.9%) 7 (23.3%) 0.837a 0 (0.0) 0 (0.0) NA
Nausea 3 (10.7%) 4 (13.3%) 0.923a 0 (0.0) 0 (0.0) NA

Hepatic function abnormal 4 (14.3%) 2 (6.7%) 0.315a 0 (0.0) 0 (0.0) NA

Mouth ulceration 2 (7.1%) 3 (10.0%) 0.894b 0 (0.0) 0 (0.0) NA
Hand-foot syndrome 3 (10.7%) 1 (3.3%) 0.712b 0 (0.0) 0 (0.0) NA

Reactive capillary hyperplasia 1 (3.6%) 1 (3.3%) 1.000b 0 (0.0) 0 (0.0) NA

Total 18 (64.3%) 21 (70.0%) 0.564a 5 (17.9%) 7 (23.3%) 0.764a

Notes: AEs, adverse events; A, Anlotinib; A+P, Anlotinib+PD-1/PD-L1; a, X2 test; b, Fisher exact probability method.
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can mutually promote the anti-cancer mechanism. The mechanism may involve anti-angiogenic drugs reversing the 
immunosuppressive microenvironment, facilitating the restoration of normal function in tumor blood vessels, enhancing 
the function of immune cells, reversing immune escape, activating effector T cells, and upregulating IFN-γ. The secretion 
of anti-tumor cytokines, such as TNF, and the combined action of silver on blood vessels, normalization of the tumor 
vascular system, and promotion of the action of various anti-cancer drugs, including anti angiogenic drugs, there is 
a positive feedback effect between the two.22–24

Clinical studies have demonstrated that ICIs, together with anti-vascular survival drugs, substantially enhance the 
prognosis of patients with diverse malignant tumors. The IMbrave150 study investigated the response to immune 
combined anti vascular therapy in first-line hepatocellular carcinoma treatment. Atezolizumab combined with bevacizu
mab showed better efficacy than Sorafenib alone, with an mPFS of 5.7 months vs 3.2 months, and safe and controllable 
adverse reactions.25 KEYNOTE-426 is a randomized controlled study that evaluated first-line treatment of advanced 
renal cell using ICIs and axitinib. Compared to the use of axitinib alone, the combination of pembrolizumab and axitinib 
showed better efficacy in treating advanced renal cell carcinoma, with an ORR of 59.3% versus 35.7%, and a mPFS of 
15.1 months versus 11.1 months, respectively.26

For patients with metastatic non-squamous NSCLC, supplementing the bevacizumab plus chemotherapy regimen 
with atezolizumab yielded statistically significant improvements in PFS and OS, irrespective of PD-L1 expression or 
EGFR/ALK genetic modification status.27 Research on anti-angiogenesis and immunotherapy in NSCLC is currently 
underway, and a randomized Phase 2 study showed that the combination of anti-angiogenesis ramucirumab and 
pembrolizumab showed significant survival benefits in patients with NSCLC who had previously received ICIs 
treatment.28 These findings suggest that the combination of immunotherapy and anti-angiogenic agents holds the 
potential to achieve therapeutic benefits in various malignancies. An exploratory study on the first-line treatment of 
aNSCLC using anlotinib plus sintilimab published at the 2019 World Congress on LC demonstrated an mPFS of 15 
months.29 In addition, a retrospective study using anlotinib plus anti-PD-1 antibody as third-line therapy among 101 
patients with aNSCLC reported an mPFS of 6.7 months as well as a DCR of 79.2%.30

The toxic AEs associated with the combination therapy were mostly tolerable. Similar to prior clinical trials and real- 
world investigations, fatigue, hypertension, decreased appetite, hypothyroidism, hand-foot syndrome, and oral mucosal 
inflammation have emerged as the most prevalent AEs.31–34 In the current study, the spectrum of toxic AEs was 
comparable between the combination therapy and anlotinib monotherapy groups. Regarding the overall incidence of 
AEs, the combination of anlotinib and immunotherapy showed a similar rate to anlotinib single-agent treatment (70.0% 
vs. 64.3%). The incidence of fatigue, decreased appetite, hypertension, diarrhea, neutropenia, proteinuria, and hypothyr
oidism was relatively high, and most AEs were grade 1–2; however, no obvious difference in ≥ grade 3 AEs was found in 
contrast with the anlotinib monotherapy group (23.3% vs. 17.9%), with most AEs detected in a timely manner and 
alleviated after active symptomatic treatment. In summary, combination therapy involving anlotinib and PD-1/PD-L1 
demonstrated favorable safety profiles.

In summary, anlotinib combined with PD-1/PD-L1 immunotherapy exhibited a favorable overall therapeutic outcome 
and demonstrated good tolerability in the management of elderly patients with aNSCLC. Compared with monotherapy 
with anlotinib, patients exhibited significant advantages in both PFS and OS without experiencing a significant increase 
in toxicity. Brain metastasis could independently influenced PFS and OS in these patients. This study provides 
a possibility of “chemo-free” treatment for NSCLC patients who are elderly, have poor ECOG PS scores, refuse or 
cannot tolerate chemotherapy, and do not have sensitive drug mutations, but this needs to be further validated through 
prospective studies with larger sample sizes. Potential heterogeneity was introduced by the administration of multiple 
distinct PD-1/PD-L1 inhibitors. Despite overlapping immunological targets, variations in drug properties, dosage regi
mens, and clinical indications may have contributed to variability in treatment response and survival outcomes in this 
retrospective analysis.

However, this research has a number of limitations to acknowledge. Firstly, it represents a single-center retrospective 
analysis based on a relatively small sample size, we cannot completely rule out selection bias.The findings of this study 
are exploratory, and their further validation necessitates larger-scale prospective studies; secondly, the sample size of this 
study was limited, precluding subgroup analysis. Therefore, expanding the sample size of cases with first-line and other- 
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line treatments and extending the follow-up duration is necessary to obtain more accurate data. However, in clinical 
practice, some problems still need to be solved, such as determining the optimal dosage and treatment timing to 
maximize the therapeutic effect, which will be one of the future research directions of our team.

Conclusions
This study confirms that anlotinib in combination with PD-1/PD-L1 inhibitors affords significant improvements in 
survival outcomes compared to monotherapy with anlotinib in elderly patients with aNSCLC, with no significant increase 
in therapeutic toxicity. Multivariate analysis showed that brain metastasis is an independent negative prognostic factor, 
whereas combination therapy is a protective predictor, which is consistent with the known synergistic mechanism of anti- 
angiogenic and immunotherapy drugs. It may become a new “chemotherapy-free” treatment model, providing a potential 
treatment option for elderly patients who are unwilling or intolerant to chemotherapy. Prospective studies should be 
conducted in the future to validate the efficacy, optimize dosing regimens, and explore biomarkers for patient screening.
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