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Studies have shown some tyrosine kinase inhibitors (TKIs) can influence glucose metabolism leading to either hypoglycemia or hyperglycemia which is reversable in most patients after treatment cessation. Anlotinib is a novel oral multi-target tyrosine kinase inhibitor (TKI) which has been approved for non-small cell lung cancer in China. Previous studies of anlotinib did not report it has any side effect on blood glucose, and there has been no case reporting type 1 diabetes associated with any TKI. The present case study, to our knowledge, was the first to report on an 81-year-old man with lung cancer who developed type 1 diabetes following 14 cycles treatment with TKI. The fasting plasma blood glucose and hemoglobinA1c (HbA1c) was 24.3mmol/L and 9.0%, respectively, and GADA (glutamic acid decarboxylase antibody) was more than 2000IU/ml (normal range is less than 10IU/ml) when he was diagnosed. We also conducted a literature review to explore the potential mechanism of anlotinib in inducing type 1 diabetes and recommend that self-monitoring blood glucose (SMBG) for fasting and random postprandial blood glucose at least once a week is needed for early identification of glucose dysregulation when using TKI drugs, and monthly fasting and random postprandial plasma glucose monitoring and HbA1c test every 3 months is also recommended if the SMBG protocol cannot be completed.
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Introduction

Tyrosine kinase inhibitors (TKIs) have been at the forefront in targeted chemotherapy for cancers over the past two decades, and anlotinib is a novel oral multi-target tyrosine kinase inhibitor (TKI) which has been approved for non-small cell lung cancer in China (1, 2). Studies have shown some TKIs can influence glucose metabolism leading to either hypoglycemia or hyperglycemia, which is reversable in most patients after treatment cessation (3). TKIs such as imatinib, erlotinib, and sunitinib can improve blood glucose concentration potentially in part due to preservation of functional β cell mass and increasement of insulin sensitivity or insulin secretion. While others such as Nilotinib, ceritinib and rociletinib may raise blood glucose levels attributing to pancreatic β-cell insulin secretion impairment or development of insulin resistance and inhibition of the insulin receptor (4, 5). However, the exact mechanism by which TKIs elicit an increase or a decrease in patients largely remains unknown. TKIs with similar structure and same target such as imatinib and nilotinib have shown opposite effects on glucose metabolism, even certain TKI such as imatinib has exhibited contrasting effects on blood glucose levels when used to treat different tumors (6, 7). Imatinib has shown glucose-lowing effects in the treatment of chronic myeloid leukemia, while in gastrointestinal stromal tumors, hyperglycemia has been reported with the use of imatinib in 0.1-1% of cases (8). In summary, TKIs exert markedly different effects on glucose metabolism depending on the specific TKI and the type of tumor being treated. Previous studies of anlotinib did not report it has any side effect on blood glucose level, and there has been no case reporting type 1 diabetes associated with any TKI, therefore, this case study is the first, to our knowledge, to report on a patient who developed type 1 diabetes following treatment with TKI.





Case presentation

An 81-year-old man without family history of diabetes or any chronic disease was diagnosed with lung adenocarcinoma (T4N2M1) in October 2020. He received gyroknife radiotherapy for left and right lung malignancies 12 times in November 2020, and 12 times for right lung malignancies in June 2021. In September 2022, the patient was administrated anlotinib 8mg orally once daily for 14 days every 3 weeks due to tumor progression. After 14 cycles treatment of anlotinib, his fasting plasma glucose was found at 26.1mmol/L and urine ketone was (+++) on July 12th 2023, then he was admitted to Endocrinology Department of Chongqing General Hospital (the blood glucose levels prior to anlotib administration and during the 14 cycles is shown in Figure 1). Other long term drug use history, anti-tumor drugs, medications known to potentially cause hyperglycemia such as steroids, records of SARS-CoV-2 vaccination or confirmed SARS-CoV-2 infection was not identified before admission. We only found history of short-term use of proton pump Inhibitors and anti-biotics before the onset of diabetes. Additionally, there were no symptoms of respiratory or gastrointestinal infections noted within one month before admission. Laboratory parameters were measured upon admission are detailed in Table 1. The patient was diagnosed with type 1 diabetes and was treated with insulin degludec in combination with insulin aspartate, and he was discharged on July 19th, 2023 with the hypoglycemic regimen (insulin degludec 5 units in the morning and insulin aspartate 4 units three times a day). The patient reported a significant increase in blood glucose levels after re-starting anlotinib one week after discharge. The highest blood glucose level recorded was 30.1 mmol/L and insulin dose was increased to maintain his glucose levels. Conversely, the blood glucose decreased significantly and the dosage of injected insulin was decreased after 14 days of anlotinib treatment (blood glucose level in the 15th and 16th cycle is shown in ure2). After two cycles of anlotnib treatment, his oncologist decided to discontinue the use of anlotinib due to tumor progression and its significant negative impact on glucose metabolism (the laboratory parameters after 16th cycle is shown in Table 1). The patient had tried afatinib, erlotinib and osimertinib before he passed way in March 1st, 2024. The follow-up blood glucose level did not reveal any significant fluctuation before his death (the follow-up blood glucose level is shown in Figure 2). Informed consent had been obtained from the patient to present all his clinical data.




Figure 1 | Fasting plasma glucose (before admission).




Table 1 | Laboratory parameters on admission to Endocrinology Department of Chongqing General Hospital and after the 16th cycle of anlotinib treatment.






Figure 2 | Fasting and random postprandial plasma glucose (after discharge).







Discussion

With the development and application of new generation of TKI drugs such as anlotinib with more targets, their influence on glucose metabolism is more complex and harder to predict, some previously unknown forms of type 1 diabetes may occur when using new generation of TKI drugs. We conducted a literature review to explore the potential mechanism of anlotinib in inducing type 1 diabetes in this case. Firstly, Anlotinib exerts significant inhibitory effects on angiogenesis both in vivo and in vitro (9–11). The impact on islet blood vessels presents a dual effect on type 1 diabetes development. While it can impede the proliferation of islet blood vessels, thereby reducing inflammatory cell migration and restoring normal blood glucose metabolism (11, 12). It can also exacerbate islet capillary degeneration which may lead to islet hypoperfusion and subsequent abnormal hormone secretion from islet cells (13, 14). The mean progression-free survival (PFS) of anlotinib in lung adenocarcinoma was 5.5 months (15), however the patient had received anlotinib treatment for nearly 10 months before hyperglycemia was noticed in our case. Consequently, it is hypothesized that the potential harm resulting from prolonged anlotinib use, which excessively inhibits normal islet capillaries, outweighs the benefits of blocking increased blood supply, ultimately leading to abnormal insulin secretion and diabetes development. Secondly, Type 1 diabetes is an autoimmune disease caused by the immune-mediated destruction of insulin-producing pancreatic β cells (16). It is hypothesized that the neoantigen released by the tumor might be similar with Glutamic Acid Decarboxylase 65(GAD65) expressed by panreatic β cells in this case, therefore, activated T cell induced by the neoantigen might also destruct β cells through molecular mimicry. Anlotinib treatment can break immune tolerance of tumor microenvironment and inhibit tumor growth by enhancing CD8+ T cell infiltration which is dependent from the anti-angiogenesis effect (17). The enhanced anti-tumor immune response might also trigger the increased auto-immune attack to pancreatic β cells Which accelerated β cell reserve depletion, resulting the late-onset of type1 diabetes of this patient, it might also explain the phenomenon of blood glucose fluctuation during the last 2 cycles of anlotinib treatment (18, 19). Besides, recent evidence suggests anlotinib’s immunomodulatory effects may paradoxically amplify pre-existing autoimmunity. therefore, its capacity to enhance CD8+ T-cell infiltration could theoretically facilitate islet-directed immune attacks if the patient in our case was genetically predisposed (20). Thirdly, TKIs have been shown to have direct toxic effects on various organs and systems in the body including the pancreas. The toxicity of TKIs is attributed to their active metabolites, which are generated when TKIs interact with metabolic enzymes in the human body (5, 21, 22). It is hypothesized that the direct toxic effects of TKIs active metabolites on islet beta cells may play a role in the development of type 1 diabetes in this case. Future studies could leverage zebrafish xenotransplant models which successfully employed in TKI efficacy evaluation to dissect tissue-specific toxicity profiles (23).Fourthly, as a multi-target TKI with potent VEGFR2/FGFR/PDGFR inhibition, anlotinib’s metabolic impacts may differ from single-target agents which may have a significant impact on 14 endogenous metabolic pathways including glucose metabolism. This interference can lead to fluctuations in endogenous metabolites, causing both increases and decreases that result in side effects (5, 24). It is postulated that prolonged disruption of these metabolic pathways may negatively affect glucose metabolism and potentially contribute to the onset of type 1 diabetes in our case (7, 8).

In conclusion, to the best of our knowledge, the present case study was the first to report on a case of type 1 diabetes induced by anlotinib. The patient’s oncologist failed to identify the blood glucose dysregulation early although he regularly monitored fasting plasma glucose. Therefore, we recommend fasting blood glucose and HbA1c test to fully evaluate blood glucose before using TKI drugs. If the blood glucose is abnormal, diabetes-related autoantibodies should be further tested. We also recommend that SMBG for fasting and random postprandial blood glucose at least once a week is needed for early identification of glucose dysregulation when using TKI drugs. If the SMBG protocol can not be completed, we recommend to monitor fasting and random postprandial plasma glucose at least once o month and HbA1c every 3 months at outpatient clinics (25). In addition, further research is needed to explore the correlation and underlying mechanisms between TKI drugs and glucose metabolism.





Limitation

We did not do SARS-CoV-2 antibodies test at the onset of diabetes to completely exclude the possibility of asymptomatic virus infection which might lead to the development of diabetes. We did not do type 1 diabetes high-risk genes (e.g. human leukocyte antigen, HLA-DR4/DQ8) or related autoantibodies tests before anotinib treatment to know whether the patient was susceptible for ty1 diabetes, either. HbA1c was not tested before using anlotinib to exclude the possibility that post-prandial blood glucose had already met the diagnostic criteria of diabetes before treatment. Either Pancreatic imaging to assess islet inflammation or T cell receptor library analysis which might help us explore the mechanism of the type1 diabetes in this case was not done.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

JC: Writing – original draft, Writing – review & editing. DX: Writing – original draft, Writing – review & editing. LK: Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.





Conflict of interest

The 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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Wang, G, Sun, M, Jiang, Y, Zhang, T, Sun, W, Wang, H, et al. Anlotinib, a novel small molecular tyrosine kinase inhibitor, suppresses growth and metastasis via dual blockade of VEGFR2 and MET in osteosarcoma. Int J Cancer. (2019) 145:979–93. doi: 10.1002/ijc.32180

2. Huang, L, Jiang, S, and Shi, Y. Tyrosine kinase inhibitors for solid tumors in the past 20 years (2001-2020). J Hematol Oncol. (2020) 13:143. doi: 10.1186/s13045-020-00977-0

3. Si, X, Zhang, L, Wang, H, Zhang, X, Wang, M, Han, B, et al. Management of anlotinib-related adverse events in patients with advanced non-small cell lung cancer: Experiences in ALTER-0303. Thorac Cancer. (2019) 10:551–56. doi: 10.1111/1759-7714.12977

4. Mugiya, T, Mothibe, M, Khathi, A, Ngubane, P, and Sibiya, N. Glycaemic abnormalities induced by small molecule tryosine kinase inhibitors: a review. Front Pharmacol. (2024) 15:1355171. doi: 10.3389/fphar.2024.1355171

5. Zhao, Q, Wu, ZE, Li, B, and Li, F. Recent advances in metabolism and toxicity of tyrosine kinase inhibitors. Pharmacol Ther. (2022) 237:108256. doi: 10.1016/j.pharmthera.2022.108256

6. Lodish, MB, and Stratakis, CA. Endocrine side effects of broad-acting kinase inhibitors. Endocr Relat Cancer. (2010) 17:R233–44. doi: 10.1677/ERC-10-0082

7. Pollak, MN. Cancer, obesity, and diabetes: TKIs exert multiple effects on glucose homeostasis. Nat Rev Clin Oncol. (2017) 14:268. doi: 10.1038/nrclinonc.2017.57

8. Lin, M, and Jin, J. Cancer, obesity, and diabetes: TKIs exert multiple effects on glucose homeostasis. Nat Rev Clin Oncol. (2017) 14:268. doi: 10.1038/nrclinonc.2017.56

9. Lin, B, Song, X, Yang, D, Bai, D, Yao, Y, and Lu, N. Anlotinib inhibits angiogenesis via suppressing the activation of VEGFR2, PDGFRbeta and FGFR1. Gene. (2018) 654:77–86. doi: 10.1016/j.gene.2018.02.026

10. Feng, ZC, Popell, A, Li, J, Silverstein, J, Oakie, A, Yee, SP, et al. c-kit receptor signaling regulates islet vasculature, beta-cell survival, and function in vivo. Diabetes. (2015) 64:3852–66. doi: 10.2337/db15-0054

11. Xiong, Y, Scerbo, MJ, Seelig, A, Volta, F, O’Brien, N, Dicker, A, et al. Islet vascularization is regulated by primary endothelial cilia via VEGF-A-dependent signaling. Elife. (2020) 9. doi: 10.7554/eLife.56914

12. Villalta, SA, Lang, J, Kubeck, S, Kabre, B, Szot, GL, Calderon, B, et al. Inhibition of VEGFR-2 reverses type 1 diabetes in NOD mice by abrogating insulitis and restoring islet function. Diabetes. (2013) 62:2870–78. doi: 10.2337/db12-1619

13. Kamba, T, Tam, BY, Hashizume, H, Haskell, A, Sennino, B, Mancuso, MR, et al. VEGF-dependent plasticity of fenestrated capillaries in the normal adult microvasculature. Am J Physiol Heart Circ Physiol. (2006) 290:H560–76. doi: 10.1152/ajpheart.00133.2005

14. Baffert, F, Le, T, Sennino, B, Thurston, G, Kuo, CJ, Hu-Lowe, D, et al. Cellular changes in normal blood capillaries undergoing regression after inhibition of VEGF signaling. Am J Physiol Heart Circ Physiol. (2006). doi: 10.1152/ajpheart.00616.2005

15. Chinese Association for Clinical Oncologists; Expert Committee of Vascular Targeted Therapy of Chinese Society of Clinical Oncology; Cancer Targeted Therapy Professional Committee of China Anti-Cancer Association. Chinese expert consensus on Anlotinib Hydrochloride for advanced lung cancer (2020 edition). Zhonghua Zhong Liu Za Zhi. (2020) 42:807–16. doi: 10.3760/cma.j.cn112152-20200721-00669

16. Popoviciu, MS, Kaka, N, Sethi, Y, Patel, N, Chopra, H, and Cavalu, S. Type 1 diabetes mellitus and autoimmune diseases: A critical review of the association and the application of personalized medicine. J Pers Med. (2023) 13. doi: 10.3390/jpm13030422

17. Liu, S, Qin, T, Liu, Z, Wang, J, Jia, Y, Feng, Y, et al. anlotinib alters tumor immune microenvironment by downregulating PD-L1 expression on vascular endothelial cells. Cell Death Dis. (2020) 11:309. doi: 10.1038/s41419-020-2511-3

18. Guram, K, Kim, SS, Wu, V, Sanders, PD, Patel, S, Schoenberger, SP, et al. A threshold model for T-cell activation in the era of checkpoint blockade immunotherapy. Front Immunol. (2019) 10:491. doi: 10.3389/fimmu.2019.00491

19. Kennedy, EC, and Hawkes, CP. Approaches to measuring beta cell reserve and defining partial clinical remission in paediatric type 1 diabetes. Children (Basel). (2024) 11. doi: 10.3390/children11020186

20. Song, F, Hu, B, Liang, XL, Cheng, JW, Wang, CG, Wang, PX, et al. Anlotinib potentiates anti-PD1 immunotherapy via transferrin receptor-dependent CD8(+) T-cell infiltration in hepatocellular carcinoma. Clin Transl Med. (2024) 14:e1738. doi: 10.1002/ctm2.1738

21. Li, S, and Wang, H. Research progress on mechanism and management of adverse drug reactions of anlotinib. Drug Des Devel Ther. (2023) 17:3429–37. doi: 10.2147/DDDT.S426898

22. Pan, X, Chen, W, Nie, M, Liu, Y, Xiao, Z, Zhang, Y, et al. A serum metabolomic study reveals changes in metabolites during the treatment of lung cancer-bearing mice with anlotinib. Cancer Manag Res. (2021) 13:6055–63. doi: 10.2147/CMAR.S300897

23. Zhang, SR, Pan, M, Gao, YB, Fan, RY, Bin, XN, Qian, ST, et al. Efficacy and mechanism study of cordycepin against brain metastases of small cell lung cancer based on zebrafish. Phytomedicine. (2023) 109:154613. doi: 10.1016/j.phymed.2022.154613

24. Shen, G, Zheng, F, Ren, D, Du, F, Dong, Q, Wang, Z, et al. Anlotinib: a novel multi-targeting tyrosine kinase inhibitor in clinical development. J Hematol Oncol. (2018) 11:120. doi: 10.1186/s13045-018-0664-7

25. American Diabetes Association Professional Practice Committee. 4. Comprehensive medical evaluation and assessment of comorbidities: standards of care in diabetes-2025. Diabetes Care. (2025) 48:S59–85. doi: 10.2337/dc25-S004




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 © 2025 Chen, Xia and Ke. 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/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

    		Cover



  		

        Anlotinib induced type 1 diabetes: a case report

      

        		

          Introduction

        



        		

          Case presentation

        



        		

          Discussion

        



        		

          Limitation

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-15-1508645-g001.jpg
261

(1/10ww) 350908 ewsejd Sugses






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2025.1508645_cover.jpg
& frontiers | Frontiers in Oncology






OEBPS/Images/fonc-15-1508645-g002.jpg





OEBPS/Images/table1.jpg
Parameter Value Normal range

on admission to after the 16th cycle of

Endocrinology Department  anlotinib treatment
of Chongging
General Hospital

GADA (Ul >20m . <10
e con ™ o <

1aa (o1 < = <

Fasing bood gucos (mmolL) us 0 961
[remr———— s = s
FastingCpepide o) o s 0337
Hemogiobin Ale, HbALE(%) 50 o 1563
Hemogiobin (1. 9% m 1500017500
Seram sbamin 91) 72 04 055

TC (o) ar a3 <20

6 (mmaln) 057 0ss om0
LDLC (ot 2 s oy

s amolt) w2 s01 S0
AsT o) n s 150400
AT i 2 90500
TSH (v s E 0355

FIS ot n : 308700
FT4 (i) 150 . nsras
poncrcatic amylae (U1) @ - 350130
pase W) s s 0530

(GADA. ghiamic i decarbosyase amibods: ICA, nslar cllar anibody: 1A, nslin atoimmune anibody: T ol choestro; LDLC, o densy Ipoproci choestra; TG,
rgiyceide; AST, ssparite trsnsaminase; AL, sanine aminotransicrase; TSH: thyroid stmulating hommons; FI3, fee rlodothyronine FTA, fee thyreaine






