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Background

Anlotinib is a multi-targeted tyrosine kinase inhibitor mainly targeting angiogenesis signaling. The predictive marker of anlotinib’s efficacy remains elusive. This study was designed to explore the predictive marker of anlotinib in non-small cell lung cancer (NSCLC).



Methods

We prospectively enrolled 52 advanced NSCLC patients who underwent at least one line of targeted therapy or chemotherapy between August 2018 and March 2020. Patients were divided into durable responders (DR) and non-durable responders (NDR) based on the median progression-free survival (PFS, 176 days). The Olink Immuno-Oncology panel (92 proteins) was used to explore the predictive protein biomarkers in plasma samples before treatment (baseline) and on the first treatment evaluation (paired).



Results

At baseline, the response to anlotinib was not significantly associated with age, gender, smoke history, histology, oligo-metastases, EGFR mutations, and other clinical characteristics. The results of PFS-related protein biomarkers at baseline were all not satisfying. Then we assessed the changes of 92 proteins levels in plasma on the first treatment evaluation. We obtained a Linear discriminant analysis (LDA) model based on 7 proteins, with an accuracy of 100% in the original data and an accuracy of 89.2% in cross validation. The 7 proteins were CD70, MIC-A/B, LAG3, CAIX, PDCD1, MMP12, and PD-L2. Multivariate Cox analysis further showed that the changes of CD70 (HR 25.48; 95% CI, 4.90–132.41, P=0.000) and MIC-A/B (HR 15.04; 95% CI, 3.81–59.36, P=0.000) in plasma were the most significant prognostic factors for PFS.



Conclusion

We reported herein a LDA model based on the changes of 7 proteins levels in plasma before and after treatment, which could predict anlotinib responders among advanced NSCLC patients with an accuracy of 100%. Further studies are warranted to verify the prediction performance of the LDA model.
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Introduction

Non-small cell lung cancer (NSCLC) is the leading cause of cancer mortality in the world and in China (1, 2). Although the treatment of NSCLC has made considerable progression with the development of precision medicine, effective three or later lines of therapy for advanced NSCLC is still scarce. Anlotinib, a multitargeted antiangiogenic drug, has been used in third-line therapy for refractory advanced NSCLC in China (3). In the ALTER0303 trial, anlotinib significantly prolonged overall survival (OS) and progression-free survival (PFS) (3). Although the disease control rate (DCR) is 80.95%, the objective response rate (ORR) is only 9.18% (3). Therefore, screening predictors of response to anlotinib is an urgent clinical need.

To date, intensive efforts have been performed to screen the predictors of response to anlotinib in lung cancer. These predictors include circulating tumor DNA (ctDNA) (4), expression of KLK5 and L1CAM (5), nutritional indicators (6), plasma CCL2 levels (7), plasma metabolites (8), prognostic nutritional index (9), absolute neutrophil count (ANC) (10), and etc. Unfortunately, due to the complexity of the angiogenesis pathway, effective biomarkers of response to anlotinib still require further exploration. For example, the area under the curve (AUC) of PFS and OS response prediction based on the tumor mutation index of ctDNA is only 0.77 and 0.73, respectively (4). ANC has a relatively high discriminatory ability to predict 10-month survival with an area under the curve of 0.729 (10).

Studies reveal that there are many interactions between the tumor immune microenvironment and angiogenesis. The overexpression of VEGF can directly suppress immune effector cells and activate immunosuppressive cells, while activated immunosuppressive cells further promote abnormal angiogenesis by secreting various factors (11, 12). For instance, tumor-associated macrophages and neutrophils promote angiogenesis by secreting various chemokines and proangiogenic factors including CXCR-2,4,12, CXCL3,4,8,9,10, CCL2-5, VEGF, TNFa, and IL8 (13). Anlotinib can increase infiltration of the innate immune cells and modulate the tumor microenvironment (14). Clinical studies of combining antiangiogenic agents and immune checkpoint inhibitors have been reported in a variety of solid tumors (15–17). Recently, phase 1b study of sintilimab plus anlotinib as first-line therapy for advanced NSCLC patients has been performed (18).

Plasma-based protein biomarker tests are routinely used for predicting prognosis and monitoring efficacy of treatment. Given the key role of cytokines in the interaction of angiogenesis and tumor immune microenvironment, we investigated the levels of 92 immuno-oncology related proteins in plasma with the aim of identifying effective predictors of response to anlotinib in NSCLC patients.



Methods


Patients and Samples

Patients and samples were collected from the Chinese clinical trial (ChiCTR1800017585). We investigated 52 advanced NSCLC patients who underwent at least one line of targeted therapy or chemotherapy at Cancer Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College (Beijing, China) between August 2018 and March 2020. All patients were administered with anlotinib as a second-line therapy or over second-line therapy with a dosage of 12 mg/day in 2/1 week cycles. Anlotinib therapy was terminated if intolerable toxicity or disease progression occurred. Response to anlotinib was evaluated by oncologists and radiologists based on clinical and radiological information. Durable responders (DR) were defined as patients with PFS ≥ 176 days (median PFS), while non-durable responders (NDR) were defined as patients with PFS < 176 days. This study was conducted in accordance with the Declaration of Helsinki and approved by the ethical committee of Cancer Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College (approval number: No. 18-116/1694). All patients had signed the informed consent.

Blood samples were collected before treatment (baseline) and on the first treatment evaluation (paired). The blood samples were centrifuged at 2000–2500 g for 10 min and the plasma samples were then stored at −80°C until assayed.



Protein Profiling

Protein concentrations in plasma were measured using the Immuno-Oncology panel (Olink Biosciences, Uppsala, Sweden) including 92 protein biomarkers according to the manufacturer’s instructions and as described before (19). The protein quantifications were determined as the relative quantification using the normalized protein expression and presented as log2-normalized. The list of all protein biomarkers is provided in Table S1. A total of 43 plasma samples at baseline and 37 paired plasma samples after the second treatment cycle were successfully detected and used for further analysis. The change of protein levels in the plasma during treatment was compared between samples after the second treatment cycle and the corresponding sample at baseline using a paired two-sided t test, and quantified with the log2-fold change (log2-FC).



Statistical Analysis

All statistical analyses were completed using R version 3.6.3 or SPSS v25. Patient characteristics at baseline were compared using Fisher’s exact test for categorical variables, and Mann−Whitney U test for continuous variables. PFS and OS were analyzed using the Kaplan-Meier method. Receiver operating characteristics (ROC) curve was calculated to evaluate the discriminatory ability for each protein at baseline. The association between factors and PFS was analyzed using univariate or multivariate Cox proportional hazards model. Statistical tests were two-sided, and p < 0.05 was considered significant. Principal component analysis (PCA) and hierarchical clustering were performed using the PAST software. Hierarchical clustering was applied based on Euclidean distance. Linear discriminant analysis (LDA) and Leave-One-Out cross validation were performed using SPSS v25.




Results


Patient Characteristics

The flow chart of patients is shown in Figure 1. After quality control of patients’ plasma samples, a total of 43 patients were enrolled and detected at baseline. The average age at diagnosis was 60.8 ± 8.7 years and 48.84% (21/43) were male. Central nervous system (CNS) metastases and oligo-metastases were present in 18.60% (8/43) and 48.84% (21/43) patients, respectively. The objective response rate (ORR) was 6.98% (3/43), all based on achieving partial response. In addition, 83.72% (3/43) patients achieved stable disease, and 9.30% (4/43) had progressive disease. The median PFS and OS were 176 days and 311 days, respectively. Based on the median PFS, all patients were divided into DR group (PFS≥176 days) and NDR group (PFS < 176 days). DR and NDR group did not have differences in all clinical characteristics at baseline, including histology and EGFR mutations (Table S2). Univariate analysis was then performed using COX proportional hazards model, only neutrophil-to-lymphocyte ratio (NLR, HR 1.42; 95% CI, 1.11–1.81; P=0.005) was significantly associated with PFS at baseline (Figure S1).




Figure 1 | Flow chart of the study.





Protein Plasma Levels at Baseline

To explore the relationship between protein biomarkers in plasma and clinical response, we simultaneously detected 92 proteins levels in plasma at baseline and after the second treatment cycle using highly sensitive proximity extension assay (PEA) technology (19).

At baseline, a total of 43 plasma samples were detected and analyzed (Table S3). Firstly, ROC showed that the area under the curve (AUC) of each protein was less than 0.7 (data not shown). Levels of 92 proteins were then compared between DR group and NDR group using unsupervised hierarchical clustering and PCA. However, these two groups cannot be effectively distinguished (Figure S2). LDA cannot be performed due to too many variables. Therefore, we then analyzed the association between each protein level and PFS by Cox univariate proportional hazards models. The results showed that 4 proteins were significantly associated with PFS, including CD8A (HR 0.42; 95% CI, 0.23–0.77; P=0.005), MUC.16 (HR 1.23; 95% CI (1.02–1.48; P<0.033), IL5 (HR 1.63; 95% CI, 1.07–2.50; P=0.034), and KIR3DL1 (HR 1.53; 95% CI, 1.04–2.27; P=0.041) (Figure S1). Lastly, unsupervised hierarchical clustering, PCA, and LDA were further performed based on 5 factors significantly associated with PFS including NLR, CD8A, MUC.16, IL5, and KIR3DL1. Unfortunately, none of these methods can effectively distinguish between DR and NDR groups, although LDA achieved 65% accuracy (data not shown).



Change in Protein Plasma Levels Is Associated With Anlotinib Treatment

Before treatment, levels of 92 proteins in plasma cannot effectively predict the efficacy of anlotinib. Therefore, we tried to analyze the correlation between the changes in 92 proteins on the first treatment evaluation and the efficacy of anlotinib. The change of each protein during treatment was represented as log2 fold change (log2 FC). After the second treatment cycle, which was the time of the first treatment evaluation, a total of 37 paired plasma samples were analyzed (Table S4).

Unsupervised hierarchical clustering and PCA based on the changes of the 92 proteins cannot effectively distinguish between DR group and NDR group (data not shown). Then, we focused on the proteins that have changed significantly during treatment. There were 13 and 21 proteins that changed significantly during treatment in DR group and NDR group, respectively. There were 25 proteins in the union set of the two groups. Then, we performed unsupervised hierarchical clustering, PCA, and LDA using these 25 proteins. The results of unsupervised hierarchical clustering and PCA were also not ideal (data not shown). However, LDA model achieved 100% accuracy (Figure 2A). Through iterative subtraction analysis, we screened out 7 proteins for LDA, with an accuracy of 100% (Figure 2B). Leave-One-Out cross validation further showed that the model had 89.2% accuracy (Table 1). The 7 proteins were CD70, MIC-A/B, and LAG3 in DR group and CAIX, PDCD1, MMP12, and PD-L2 in NDR group (Figure 3). In DR group, the plasma levels of CD70 and MIC-A/B were decreased significantly after the second treatment cycle, while the level of LAG3 increased significantly (Figure 3). Multivariate Cox analysis based on the 7 proteins was further performed. The results showed that the decreases of CD70 (HR 25.48; 95% CI, 4.90–132.41, P=0.000) and MIC-A/B (HR 15.04; 95% CI, 3.81–59.36, P=0.000) in plasma after treatment were the most significant prognostic factors for PFS (Figure 4).




Figure 2 | Linear discriminant analysis (LDA) of progression-free survival based on the changes of proteins in plasma after the second treatment cycle. (A) LDA based on the changes of 25 proteins. (B) LDA based on the changes of 7 proteins. Pink, durable responders; Blue, non-durable responders.




Table 1 | Leave-one-out cross validation of the linear discriminant analysis (LDA) model.






Figure 3 | Dynamic changes of 7 proteins used in the linear discriminant analysis prediction model. A paired two-sided t test was used, a=0.05. DR, durable responders; NDR, non-durable responders.






Figure 4 | Multivariate Cox regression analysis of progression-free survival based on the changes of 7 proteins after the second treatment cycle.






Discussion

It could be difficult for previous studies to find the predictive markers of antiangiogenic drugs since they could not be used alone in non-small cell lung cancer (20). Anlotinib is an antiangiogenic drug that approved for third-line or further-line treatment of advanced NSCLC. This has enabled us to explore the biomarkers of antiantiogenic drug alone. However, the effective biomarkers for predicting the efficacy of anlotinib remain further exploration, although studies have revealed some potential biomarkers for anlotinib response stratification (4–8, 10, 21). The evolution of cancer is influenced by intricate interactions between tumor cells and host immune cells. Vascular endothelial cells and immune cells are important components in tumor-associated inflammation, and inflammatory response is an important factor in the progression of tumor (22). The products of inflammatory processes including various cytokines and chemokines are considered to be potential biomarkers for predicting treatment efficacy (23). Besides, apart from subgroup analysis in ALTER0303, recent studies have also shown that anlotinib could have efficacy in treating driver-gene positive lung tumors (24, 25), and basic research showed that there was a potential link between EGFR/KRAS mutation and VEGF expression (26). A broader biomarker was to be developed which could be applied to patients with different genetic background.

Here, we sought to identify biomarkers of response to anlotinib in advanced NSCLC patients using the Olink Immuno-Oncology panel in plasma samples. The Immuno-Oncology panel is a high-throughput, multiplex immunoassay enabling analysis of 92 protein biomarkers (27). These proteins are involved in processes such as promotion and inhibition of tumor immunity, chemotaxis, vascular and tissue remodeling, apoptosis, metabolism, and autophagy.

In this study, a total of 43 NSCLC patients’ samples were detected at baseline. The median PFS and OS is 176 days and 311 days, respectively, which were in line with the report of ALTER0303 trial and some other studies (3, 10, 28). The PFS is a reliable indicator that directly reflects the treatment effect. Therefore, patients were divided into the DR group and NDR group based on the median PFS. There was no significant difference in the response to anlotinib (both PFS and OS) between SCC and ADC, which was also consistent with the results of ALTER0303 trial (3). In addition, no significant correlation was observed between the response to anlotinib and EGFR mutation status. Univariate Cox analysis was performed to assess the potential prognostic value of clinical characteristics. Only NLR was significantly associated with PFS.

Before treatment, the AUC of ROC curve for each protein did not exceed 0.7. We then used clustering analysis, PCA, and LDA to predict PFS based on all 92 proteins and/or significant correlated proteins obtained from Cox analysis. However, the results were all not effective enough. Then, we further assessed the potential prognostic value of the changes of 92 proteins levels in plasma after the second treatment cycle. After attempting various analytical methods, we finally obtained a LDA model based on 7 proteins, with an accuracy of 100% in the original data and an accuracy of 89.2% in cross validation. This performance is much better than previous reports (4–6, 10). The 7 proteins included CD70, MIC-A/B, LAG3, MMP12, PD-L2, CAIX, and PDCD1. Multivariate Cox analysis further showed that CD70 and MIC-A/B were independent prognostic factors for PFS.

CD70 is a ligand for CD27 and expressed on highly activated lymphocytes. CD27-CD70-mediated T cell co-stimulation was also important for vasculogenesis, arteriogenesis, and angiogenesis (29). MIC-A/B are ligands for the NKG2D receptor. These proteins are broadly recognized by NK cells, NKT cells, and most of the subtypes of T cells (30). LAG3 binds to HLA class-II antigens and is an immune checkpoint receptor. It is expressed on multiple cell types and involved in lymphocyte activation and homeostasis (31). PDCD1, an important immune checkpoint, plays a significant role in controlling and resolving immune responses (32). MMP-12 is secreted by pro-inflammatory macrophages that targets endoglin in human macrophages and endothelial cells (33). CAIX is one of the best cellular biomarkers of hypoxia and plays a crucial role in growth, migration, invasion, and metastasis of tumors (34). Overall, these 7 proteins were mainly involved in co-stimulatory molecule, hypoxia, inhibitory checkpoint, and metalloproteinase. Interestingly, some angiogenesis-related proteins (such as VEGFR-2, VEGFA, and TIE2) were significantly changed during treatment in both DR and NDR group, but no correlation was observed between change of these proteins and PFS.

This study not only provide a possible response biomarker for anlotinib treatment in NSCLC, but might give a hint for upcoming treatment strategy combo in advanced NSCLC patients. Up till now, anlotinib plus immunotherapy has been reviewed in later lines (35–37) and took a chance in front-lines in clinical trials (18). One limitation of this study is the lack of a validation group due to the small number of patients, which may affect the accuracy of the LDA model based on the changes of 7 proteins in the real world. More NSCLC patients are needed for verifying the prediction performance of the LDA model based on 7 proteins.

In conclusion, we reported herein a LDA model based on the changes of 7 proteins levels in plasma after the second treatment cycle, which could predict anlotinib responders among refractory advanced NSCLC patients with an accuracy of 100% in the original data and an accuracy of 89.2% in cross validation. In addition, levels of the 92 proteins in plasma cannot effectively predict anlotinib responders at baseline. These results may have a potential clinical implication for guiding treatment of anlotinib therapy in advanced NSCLC.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by Cancer Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

Conception and design: YW and JS. Provision of study materials or patients: FX, HX, and YW. Collection and assembly of data: FX, HX, GY, and LY. Data analysis and interpretation: FX, HX, ZW, and XW. Manuscript writing: All authors; All authors contributed to the article and approved the submitted version.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.756902/full#supplementary-material



References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, Jemal, A, et al. Global Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

2. Chen, W, Zheng, R, Baade, PD, Zhang, S, Zeng, H, Bray, F, et al. Cancer Statistics in China, 2015. CA Cancer J Clin (2016) 66(2):115–32. doi: 10.3322/caac.21338

3. Han, B, Li, K, Wang, Q, Zhang, L, Shi, J, Wang, Z, et al. Effect of Anlotinib as a Third-Line or Further Treatment on Overall Survival of Patients With Advanced Non-Small Cell Lung Cancer: The ALTER 0303 Phase 3 Randomized Clinical Trial. JAMA Oncol (2018) 4(11):1569–75. doi: 10.1001/jamaoncol.2018.3039

4. Lu, J, Zhong, H, Wu, J, Chu, T, Zhang, L, Li, H, et al. Circulating DNA-Based Sequencing Guided Anlotinib Therapy in Non-Small Cell Lung Cancer. Adv Sci (Weinh) (2019) 6(19):1900721. doi: 10.1002/advs.201900721

5. Lu, J, Shi, Q, Zhang, L, Wu, J, Lou, Y, Qian, J, et al. Integrated Transcriptome Analysis Reveals KLK5 and L1CAM Predict Response to Anlotinib in NSCLC at 3rd Line. Front Oncol (2019) 9:886. doi: 10.3389/fonc.2019.00886

6. Zheng, H, Pan, Q, Zhu, W, Li, H, Niu, Z, Fang, Y, et al. Novel Nutrition-Based Nomograms to Assess the Outcomes of Lung Cancer Patients Treated With Anlotinib or Apatinib. Front Oncol (2021) 11:628693. doi: 10.3389/fonc.2021.628693

7. Lu, J, Zhong, H, Chu, T, Zhang, X, Li, R, Sun, J, et al. Role of Anlotinib-Induced CCL2 Decrease in Anti-Angiogenesis and Response Prediction for Nonsmall Cell Lung Cancer Therapy. Eur Respir J (2019) 53(3):1801562. doi: 10.1183/13993003.01562-2018

8. Hu, T, An, Z, Sun, Y, Wang, X, Du, R, Li, J, et al. Longitudinal Pharmacometabonomics for Predicting Malignant Tumor Patient Responses to Anlotinib Therapy: Phenotype, Efficacy, and Toxicity. Front Oncol (2020) 10:548300. doi: 10.3389/fonc.2020.548300

9. Liu, J, Li, S, Zhang, S, Yang, C, Zhang, L, Zhang, B, et al. Pretreatment Prognostic Nutritional Index Is a Prognostic Marker for Extensive-Stage Small Cell Lung Cancer Patients Treated With Anlotinib. J Thorac Dis (2020) 12(10):5765–73. doi: 10.21037/jtd-20-755

10. Chen, R, Lu, FY, Liu, B, Huang, J, Zhou, M, Dai, R, et al. Absolute Neutrophil Count in the Peripheral Blood Predicts Prognosis in Lung Cancer Patients Treated With Anlotinib. Cancer Manag Res (2021) 13:3619–27. doi: 10.2147/cmar.s307368

11. Guo, F, and Cui, J. Anti-Angiogenesis: Opening a New Window for Immunotherapy. Life Sci (2020) 258:118163. doi: 10.1016/j.lfs.2020.118163

12. Rahma, OE, and Hodi, FS. The Intersection Between Tumor Angiogenesis and Immune Suppression. Clin Cancer Res (2019) 25(18):5449–57. doi: 10.1158/1078-0432.ccr-18-1543

13. Owen, JL, and Mohamadzadeh, M. Macrophages and Chemokines as Mediators of Angiogenesis. Front Physiol (2013) 4:159. doi: 10.3389/fphys.2013.00159

14. Yang, Y, Li, L, Jiang, Z, Wang, B, and Pan, Z. Anlotinib Optimizes Anti-Tumor Innate Immunity to Potentiate the Therapeutic Effect of PD-1 Blockade in Lung Cancer. Cancer Immunol Immunother (2020) 69(12):2523–32. doi: 10.1007/s00262-020-02641-5

15. Rini, BI, Plimack, ER, Stus, V, Gafanov, R, Hawkins, R, Nosov, D, et al. Pembrolizumab Plus Axitinib Versus Sunitinib for Advanced Renal-Cell Carcinoma. N Engl J Med (2019) 380(12):1116–27. doi: 10.1056/NEJMoa1816714

16. Herbst, RS, Arkenau, HT, Santana-Davila, R, Calvo, E, Paz-Ares, L, Cassier, PA, et al. Ramucirumab Plus Pembrolizumab in Patients With Previously Treated Advanced Non-Small-Cell Lung Cancer, Gastro-Oesophageal Cancer, or Urothelial Carcinomas (JVDF): A Multicohort, Non-Randomised, Open-Label, Phase 1a/B Trial. Lancet Oncol (2019) 20(8):1109–23. doi: 10.1016/s1470-2045(19)30458-9

17. Makker, V, Taylor, MH, Aghajanian, C, Oaknin, A, Mier, J, Cohn, AL, et al. Lenvatinib Plus Pembrolizumab in Patients With Advanced Endometrial Cancer. J Clin Oncol (2020) 38(26):2981–92. doi: 10.1200/jco.19.02627

18. Chu, T, Zhong, R, Zhong, H, Zhang, B, Zhang, W, Shi, C, et al. Phase 1b Study of Sintilimab Plus Anlotinib as First-Line Therapy in Patients With Advanced NSCLC. J Thorac Oncol (2021) 16(4):643–52. doi: 10.1016/j.jtho.2020.11.026

19. Assarsson, E, Lundberg, M, Holmquist, G, Björkesten, J, Thorsen, SB, Ekman, D, et al. Homogenous 96-Plex PEA Immunoassay Exhibiting High Sensitivity, Specificity, and Excellent Scalability. PloS One (2014) 9(4):e95192. doi: 10.1371/journal.pone.0095192

20. Di Costanzo, F, Mazzoni, F, Micol Mela, M, Antonuzzo, L, Checcacci, D, Saggese, M, et al. Bevacizumab in Non-Small Cell Lung Cancer. Drugs (2008) 68(6):737–46. doi: 10.2165/00003495-200868060-00002

21. Wang, J, Zhao, Y, Wang, Q, Zhang, L, Shi, J, Wang, Z, et al. Prognostic Factors of Refractory NSCLC Patients Receiving Anlotinib Hydrochloride as the Third- or Further-Line Treatment. Cancer Biol Med (2018) 15(4):443–51. doi: 10.20892/j.issn.2095-3941.2018.0158

22. Landskron, G, de la Fuente, M, Thuwajit, P, Thuwajit, C, and Hermoso, M. Chronic Inflammation and Cytokines in the Tumor Microenvironment. J Immunol Res (2014) 2014:149185. doi: 10.1155/2014/149185

23. Mantovani, A, Allavena, P, Sica, A, and Balkwill, F. Cancer-Related Inflammation. Nature (2008) 454(7203):436–44. doi: 10.1038/nature07205

24. Hu, H, Liu, Y, Tan, S, Xie, XX, He, J, Luo, F, et al. Anlotinib Exerts Anti-Cancer Effects on KRAS-Mutated Lung Cancer Cell Through Suppressing the MEK/ERK Pathway. Cancer Manag Res (2020) 12:3579–87. doi: 10.2147/cmar.s243660

25. Lian, Z, Du, W, Zhang, Y, Fu, Y, Liu, T, Wang, A, et al. Anlotinib can Overcome Acquired Resistance to EGFR-TKIs via FGFR1 Signaling in Non-Small Cell Lung Cancer Without Harboring EGFR T790M Mutation. Thorac Cancer (2020) 11(7):1934–43. doi: 10.1111/1759-7714.13485

26. Yuan, XH, Yang, J, Wang, XY, Zhang, X-L, Qin, T-T, Li, K, et al. Association Between EGFR/KRAS Mutation and Expression of VEGFA, VEGFR and VEGFR2 in Lung Adenocarcinoma. Oncol Lett (2018) 16(2):2105–12. doi: 10.3892/ol.2018.8901

27. Lindgaard, SC, Sztupinszki, Z, Maag, E, Chen, IM, Johansen, AZ, Jensen, BV, et al. Circulating Protein Biomarkers for Use in Pancreatic Ductal Adenocarcinoma Identification. Clin Cancer Res (2021) 27(9):2592–603. doi: 10.1158/1078-0432.ccr-20-4215

28. Han, B, Li, K, Zhao, Y, Li, B, Cheng, Y, Zhou, J, et al. Anlotinib as a Third-Line Therapy in Patients With Refractory Advanced Non-Small-Cell Lung Cancer: A Multicentre, Randomised Phase II Trial (ALTER0302). Br J Cancer (2018) 118(5):654–61. doi: 10.1038/bjc.2017.478

29. Simons, KH, Aref, Z, Peters, HAB, Welten, SP, Nossent, AY, Jukema, JW, et al. The Role of CD27-CD70-Mediated T Cell Co-Stimulation in Vasculogenesis, Arteriogenesis and Angiogenesis. Int J Cardiol (2018) 260:184–90. doi: 10.1016/j.ijcard.2018.02.015

30. Bahram, S, Inoko, H, Shiina, T, and Radosavljevic, M. MIC and Other NKG2D Ligands: From None to Too Many. Curr Opin Immunol (2005) 17(5):505–9. doi: 10.1016/j.coi.2005.07.016

31. Ruffo, E, Wu, RC, Bruno, TC, Workman, CJ, and Vignali, DAA. Lymphocyte-Activation Gene 3 (LAG3): The Next Immune Checkpoint Receptor. Semin Immunol (2019) 42:101305. doi: 10.1016/j.smim.2019.101305

32. Mishra, A, and Verma, M. Epigenetic and Genetic Regulation of PDCD1 Gene in Cancer Immunology. Methods Mol Biol (2018) 1856:247–54. doi: 10.1007/978-1-4939-8751-1_14

33. Aristorena, M, Gallardo-Vara, E, Vicen, M, de Las Casas-Engel, M, Ojeda-Fernandez, L, Nieto, C, et al. MMP-12, Secreted by Pro-Inflammatory Macrophages, Targets Endoglin in Human Macrophages and Endothelial Cells. Int J Mol Sci (2019) 20(12):3107. doi: 10.3390/ijms20123107

34. Ward, C, Meehan, J, Gray, M, Kunkler, IH, Langdon, SP, Argyle, J, et al. Carbonic Anhydrase IX (CAIX), Cancer, and Radiation Responsiveness. Metabolites (2018) 8(1):13. doi: 10.3390/metabo8010013

35. Xiong, Q, Qin, B, Xin, L, Yang, B, Song, Q, Wang, Y, et al. Real-World Efficacy and Safety of Anlotinib With and Without Immunotherapy in Advanced Non-Small Cell Lung Cancer. Front Oncol (2021) 11:659380. doi: 10.3389/fonc.2021.659380

36. Zhai, C, Zhang, X, Ren, L, You, L, Pan, Q, Pan, H, et al. The Efficacy and Safety of Anlotinib Combined With PD-1 Antibody for Third-Line or Further-Line Treatment of Patients With Advanced Non-Small-Cell Lung Cancer. Front Oncol (2020) 10:619010. doi: 10.3389/fonc.2020.619010

37. Zhou, N, Jiang, M, Li, T, Zhu, J, Liu, K, Hou, H, et al. Anlotinib Combined With Anti-PD-1 Antibody, Camrelizumab for Advanced NSCLCs After Multiple Lines Treatment: An Open-Label, Dose Escalation and Expansion Study. Lung Cancer (2021) 160:111–7. doi: 10.1016/j.lungcan.2021.08.006




Conflict of Interest: Author ZW and XW were employed by the company Genecast Precision Medicine Technology Institute, Beijing, China. Author JS was employed by the company Beijing Immupeutics Medicine Technology Limited, Beijing, China.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Xu, Xu, Wan, Yang, Yang, Wu, Song and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-756902-g003.jpg
baseline

baseline

CD70

CAIX

treat

treat

Value

baseline

baseline

LAG3

PDCD1

treat

treat

baseline

baseline

MIC-A/B

MMP12

treat

treat

Value

baseline

PDl 2

treat





OEBPS/Images/fonc-11-756902-g001.jpg
Advanced NSCLC patients from August
2018 and March 2020
(n=52)

Patients were included into this study
and detected using the Olink Immuno-

Oncology panel at baseline
(n=43)

Patients detected using the Olink
Immuno-0Oncology panel after the
second treatment cycle
(n=37)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A Linear Discriminant Analysis Model Based on the Changes of 7 Proteins in Plasma Predicts Response to Anlotinib Therapy in Advanced Non-Small Cell Lung Cancer Patients

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Patients and Samples

          



          		

            Protein Profiling

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patient Characteristics

          



          		

            Protein Plasma Levels at Baseline

          



          		

            Change in Protein Plasma Levels Is Associated With Anlotinib Treatment

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-756902-g002.jpg
o

fouanbasy

60

|

30






OEBPS/Images/fonc.2021.756902_cover.jpg
’ frontiers
in Oncology

A Linear Discriminant Analysis Model
Based on the Changes of 7 Proteins
in Plasma Predicts Response to
Anlotinib Therapy in Advanced
Non-Small Cell Lung Cancer Patients





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-756902-g004.jpg
Protein n P Hazard Ratio(95% Cl)

CAIX 37 0.007 0.38(0.19,0.77)
CD70 o [ 37 0,000 25.48(4.9,132.41)
LAG3 37 0.006 0.2(0.06,0.63)
PDL2 37 0.071 0.07(0,1.25)
PDCD1 37 0.024 0.2(0.05,0.81)
MICAB [ 37 0.000  15.04(3.81,59.36)
MMP12 ] 37 0.453 0.72(0.31,1.68)

0.004 0.008 0.016 0.031 0.062 0.125 0.250 0.500 1.000 2.000 4.000
Hazard Ratio





OEBPS/Images/table1.jpg
LDA prediction Total Accuracy

NDR DR
Group NDR 16 2 18 89.2%
DR 2 17 19

DR, durable responders; NDR, non-durable responders.





