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To the Editor

Despite the wide clinical application of immune checkpoint 
inhibitors (ICIs) monotherapy in advanced non-small-cell lung 
cancer (NSCLC), the limited benefit rate still puzzles research-
ers. One of the mechanisms of immunotherapy resistance may 
be an abnormal vascular system in the immunosuppressive 
tumor microenvironment (TME), which can inhibit dendritic 
cell maturation and prevents T-cell invasion into tumors [1, 
2]. Previous studies have shown that anti-angiogenesis therapy 
modulates the immunosuppressive TME and may help reverse 
ICIs resistance [3, 4], suggesting potential clinical benefits of 
combined anti-angiogenesis and checkpoint blockade [5]. In 
fact, the combination of small-molecule tyrosine kinase in-
hibitors (TKIs) and ICIs was not just proposed recently. Early 
phase clinical trials have started to evaluate the immune-based 
combination strategy as a front-line or posterior-line therapy 
in patients with such as renal and liver cancer [6, 7]. These en-
couraging results underscore the need for further research into 
the therapeutic response to and underlying mechanisms of the 
combination of these two standard therapies in the post-first-
line treatment for patients with advanced NSCLC.

In this study, we surveyed the efficacy and safety of anlo-

tinib, a newly developed oral multi-target small-molecule anti-
angiogenesis TKI, combined with programmed death 1 (PD-1) 
mAb in patients with advanced NSCLC, using a retrospective 
method based on real-world evidence (Supplementary Materi-
als and Methods). We then investigated anlotinib-induced bio-
logical responses in the NSCLC immune microenvironment 
and their predictive performance for patient prognosis and im-
munotherapy outcomes using bioinformatics analysis. These 
results showed that their synergetic effect has good clinical ap-
plication prospects and is worthy of further study.

Between July 2018 and October 2021, 142 patients, 106 
men (74.6%) and 36 women (25.4%), aged 37 - 81 years (me-
dian age 59), with advanced NSCLC were enrolled in this ret-
rospective clinical study. Baseline demographics and clinico-
pathological characteristics of these patients are summarized 
in Supplementary Material 7 (www.wjon.org). A total of 128 
patients (90.1%) were diagnosed with stage IV disease, and al-
most half (72 patients, 50.7%) had ≥ 3 metastatic sites. Ninety 
patients (63.4%) were diagnosed with adenocarcinomas. There 
was no significant selection bias.

We observed and analyzed the median progression-free 
survival (mPFS), median overall survival (mOS), overall re-
sponse rate (ORR), disease control rate, and incidence of ad-
verse events in the different treatment groups. As shown in 
the histogram (Fig. 1a) and Supplementary Material 8 (www.
wjon.org), 23 patients who received a combination of anlo-
tinib and PD-1 mAb (A+P) therapy achieved PR, showing 
significant improvement over the monotherapy groups. Sur-
vival analyses indicating the mPFS of all 142 patients was 5.10 
months, and the mOS was 9.02 months (Fig. 1b). Individually, 
the mPFS was 4.07 months in anlotinib group, 5.13 months 
in PD-1 mAb group and 7.13 months in the A+P combination 
group. The mOS of anlotinib, PD-1 mAb, and A+P group were 
6.23, 8.79, and 14.01 months, respectively (Fig. 1c). The A+P 
combination group showed a significantly better PFS and OS 
than the other two treatment groups (Supplementary Material 
9, 10, www.wjon.org). Besides, subgroup analysis showed that 
patients with earlier TNM stage, fewer than three metastatic 
sites or previous less than third-line treatment had better clini-
cal outcomes (Supplementary Material 1, www.wjon.org). In 
summary, the difference in patient response suggests the supe-
riority of combination therapy over monotherapy.
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Figure 1. Anlotinib changes the TME and broadens the benefits of anti-PD-1 immunotherapy in patients with advanced NSCLC. 
(a) The objective tumor response of patients in anlotinib, PD-1 mAb and A+P combination groups. (b) The PFS and OS curves of 
overall patients. (c) The PFS and OS curves of patients in anlotinib, PD-1 mAb and A+P combination groups. (d) Scatter-plot of 
anlotinib-responsive gene differential screening. (e) Heatmap of the differential expressions of 1,273 DEGs after anlotinib treat-
ments. (f) Coefficients of LASSO regression analysis. (g) The cross-validation results of LASSO regression and coefficients of 
selected genes. (h) Kaplan-Meier analysis demonstrated that the PFS of patients who received PD-1 mAb in the high-risk group 
were significantly shorter than those of the low-risk group. (i) The ORR of patients in high- and low-risk groups. (j) Box-plot of 
the ARIM-scores for different anti-tumor treatment responses. (k) The OS of patients who received PD-1 mAb in the high- and 
low-risk groups. (l, m) Time-dependent ROC curves for recurrence and mortality of patients who received PD-1 mAb at different 
follow-up times. (n) KEGG pathway enrichment analysis of the 1273 DEGs. *P < 0.05, **P < 0.01.
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Subsequently, treatment-related adverse events (TRAEs) 
that occurred in the different groups were collected and list-
ed in Supplementary Material 11 (www.wjon.org). The main 
TRAEs were fatigue (53, 37.3%), anorexia (45, 40.9%) and 
headache/dizziness (47, 33.1%). The less common TRAEs 
were vomiting (11, 7.7%), dyspnea (5, 3.5%), and hemoptysis 
(9, 6.3%). The A+P combination treatment can be considered 
safe, with no significant increase in toxicity load compared 
with monotherapy.

We further explored the influence of anlotinib on ICIs 
immunotherapy outcomes and changes in TME using bioin-
formatics analysis. By downloading the GSE142031 dataset 
from the gene expression omnibus (GEO) database [8], a total 
of 1,273 differentially expressed genes (DEGs) were identi-
fied between the anlotinib-resistant and anlotinib-responsive 
NCI-H1975 lung cell lines (Fig. 1d, e). Using select NSCLC 
samples in TCGA database (Supplementary Material 12, 13, 
www.wjon.org), 57 prognostic genes were identified and then 
screened via univariate Cox regression analysis by setting P-
value < 0.01. Forest-plots for the top 20 prognostic genes are 
shown in Supplementary Material 2A (www.wjon.org), and 
Kaplan-Meier curve exhibited that the top three genes, AN-
KRD65, FSTL3, and LRIG1, were closely related to patient 
survival (Supplementary Material 2B-D, www.wjon.org).

After further analysis using least absolute shrinkage 
and selection operator (LASSO) regression and multivariate 
Cox regression [9] (Figure 1f, g and Supplementary Mate-
rial 14, www.wjon.org), 13 genes were selected to assemble 
an anlotinib-responsive immune-microenvironment risk-score 
(ARIM-score). Patients were divided into high-risk and low-
risk groups, and the median risk score was used as the thresh-
old. The results demonstrated that the OS of patients in the 
low-risk group was longer than that of the high-risk group 
(Supplementary Materials 2E-G, 3, www.wjon.org).

Based on the short-term and long-term analyses of five 
NSCLC immunotherapy datasets downloaded from the GEO 
database, we found that the modification of the lung TME by 
anlotinib may play a role in promoting the therapeutic effect 
of anti-PD-1 mAb. Figure 1h, k shows that the PFS and OS 
of the high-risk group were significantly shorter than those of 
the low-risk group. The ORR of the high-and low-risk groups 
were 21.4% and 42.5%, respectively (Fig. 1i). Patients who 
achieved an objective response also had a lower risk score than 
those who did not respond to treatment (Fig. 1j). Ultimately, 
the ROC curves and the results of AUCs in Figure 1l, M indi-
cated that the ARIM-score was a promising prognostic indica-
tor for mortality and recurrence in patients with NSCLC who 
received anti-PD-1 immunotherapy.

The correlation between the ARIM-score and the sensitiv-
ity of different antitumor agents in the CGP database [10] was 
evaluated using the R-package pRRophetic (Supplementary 
Material 4A, www.wjon.org). Furthermore, univariate and mul-
tivariate Cox regression analyses showed that the ARIM-score, 
patient age, and TNM stage were independent prognostic fac-
tors for patients with NSCLC (Supplementary Material 4B, C 
and Supplementary Material 15, 16, www.wjon.org). We con-
structed nomograms to guide clinical practice based on these 
characteristics (Supplementary Material 5, www.wjon.org).

At last, the biological classification and characterization 

of the 1,273 DEGs were performed for exploring the underly-
ing mechanisms of anlotinib in regulating the therapeutic ben-
efits of immunotherapy. Results of the KEGG pathway analy-
sis revealed that the DEGs were mainly enriched in cytokine 
receptor interaction, cell adhesion molecules, phagosome and 
leukocyte trans-endothelial migration signaling pathways (Fig. 
1n). Extracellular matrix structural constitutes and glycosami-
noglycan binding were found to be the dominant cell functions 
identified in the GO analysis (Supplementary Material 6 and 
Supplementary Material 17, www.wjon.org).

For many years, anlotinib was approved as a third-line 
treatment in advanced NSCLC. Nevertheless, there have been 
critical innovations in the previous treatment modalities during 
a relatively short period of time. Many studies have found that 
many small-molecule TKIs, such as anlotinib in this study, can 
participate in the regulation of anti-PD-1 immunotherapy in 
multiple cancer types, in addition to their previously identified 
functions [5]. As described earlier in this letter, a robust bio-
logical theory supported the evaluation in immunotherapy + 
TKIs, while our clinical data and other early clinical trials sug-
gest the combination of TKIs with immunotherapy. Our find-
ings showed reliable efficacy and tolerability of anlotinib and 
anti-PD-1 mAb combination therapy in patients with advanced 
NSCLC as a post-first-line treatment. Bioinformatics analy-
sis results demonstrated that anlotinib changes the TME and 
broadens the benefits of anti-PD-1 immunotherapy. The A+P 
combination might transform the immunosuppressive setting 
into another “immunosupportive” setting, thereby improving 
clinical outcomes and responses. The promising results of an-
lotinib with immunotherapy, as well as other immune-based 
combinations, might also expand the therapeutic armamen-
tarium against advanced NSCLC in the near future [6]. In this 
setting, further efforts should be focused on the identification 
of biomarkers predictive of response to immune-based com-
binations for guiding future treatment decision-making on the 
basis of clinical benefits in patients with advanced disease. 
Through analyses of GEO and TCGA clinical samples, the key 
DEGs were identified and used to construct the ARIM-score, 
a predictive model for patient survival and immunotherapy 
outcomes in NSCLC, which will lay a foundation for the de-
velopment of new vascular endothelial growth factor (VEGF)/
vascular endothelial growth factor receptor 2 (VEGFR2) and 
PD-1 pathway inhibition therapies.

Supplementary Material

Suppl 1. (A) Flow chart of patient enrollment and study pro-
cedure. The PFS (B) and OS (C) curves of patients in different 
TNM stages. The PFS (D) and OS (E) curves of patients with 
different number of metastatic sites. The PFS (F) and OS (G) 
curves of patients who received different number of previous 
treatments.
Suppl 2. (A) Forest-plot for the top 20 prognostic genes identi-
fied by univariate Cox analysis. Kaplan-Meier analyses of the 
top three genes, ANKRD65 (B), FSTL3 (C), and LRIG1 (D), 
in patients with NSCLC. (E) The OS of patients in the high- 
and low-risk groups, divided by using the median ARIM-score 
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as the threshold. (F) Scatter-plot of the ARIM-scores. (G) ROC 
curves showing the efficacy of the ARIM-score on 1-year, 
3-year and 5-year OS.
Suppl 3. The prognostic performance of the ARIM-score in 
several subgroups: different pathologic types (A-B), TNM 
stages (C-D), and EGFR mutation status (E-F).
Suppl 4. (A) Box-plots showed the IC50 of different anti-tu-
mor agents in the CGP databases for patients with high or low 
ARIM-scores. Univariate (B) and multivariate (C) Cox regres-
sion analyses showed that the ARIM-score, patient age, and 
TNM stage were independent prognostic factors for patients 
with NSCLC.
Suppl 5. The nomograms constructed based on the character-
istics for guiding clinical practice.
Suppl 6. GO enrichment analysis of the 1,273 DEGs.
Suppl 7. Correlation between different treatment strategies 
and clinicopathological characteristics in advanced NSCLC 
patients.
Suppl 8. Clinical efficacy of anlotinib combined with anti-
PD-1 Immunotherapy in advanced NSCLC patients.
Suppl 9. Univariate and multivariate Cox regression analysis 
for recurrence in advanced NSCLC patients. Abbreviations: 
HR: hazard ratio; CI: confidence interval. *P < 0.05, **P < 
0.01, ***P < 0.001.
Suppl 10. Univariate and multivariate Cox regression analysis 
for mortality in advanced NSCLC patients.
Suppl 11. Treatment-Related Adverse Events.
Suppl 12. The expression profile dataset in advanced NSCLC 
patients downloaded from online databases.
Suppl 13. Patient and clinical characteristics of TCGA dataset.
Suppl 14. Anlotinib-responsive markers.
Suppl 15. Univariate Cox regression analysis of anlotinib-
respond markers.
Suppl 16. Multivariate Cox regression analysis of anlotinib-
respond markers.
Suppl 17. GO and KEGG pathway enrichment analysis of 
anlotinib-respond markers.
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