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Introduction
Acute kidney injury (AKI) is a known side effect of cancer 
immunotherapy, including chimeric antigen receptor 
(CAR) T-cell therapy, immune checkpoint inhibitors, and 
other cancer immunotherapies (1). The causes of AKI in 
cancer immunotherapy recipients can vary depending on 
the specific type of therapy. For example, treatment with 
bispecific T cell-engaging antibodies and CAR T-cell can 
result in AKI as an outcome of tumor lysis syndrome, 
cytokine release syndrome (CRS), sepsis or particular 
CAR T-cell infiltration (1,2). 

The immune checkpoint blockade commonly ensues 
in acute tubular interstitial nephritis (ATIN); however, 
glomerular involvement has also been explained (3). 
The incidence of AKI in cancer patients receiving 
immunotherapy varies depending on the type of 
immunotherapy used, ranging from 2% to 40% (4). The 
most commonly implicated immunotherapy drugs are 
anti-PD-1 antibodies like pembrolizumab and nivolumab 
and anti-CTLA-4 antibodies like ipilimumab (5). 

Search strategy
For this review, we searched PubMed, Web of Science, 
EBSCO, Scopus, Google Scholar, Directory of Open Access 
Journals (DOAJ), and Embase, using different keywords 
including; acute kidney injury, cancer immunotherapy, 

cancer cells, kidney tubules, cytokine release syndrome 
and immune checkpoint inhibitors.

Long-term effects of AKI on cancer immunotherapy 
recipients
The long-term effects of acute kidney damage in 
cancer immunotherapy recipients can have significant 
implications for patient outcomes. The previous studies 
showed that AKI in cancer cases receiving immune 
checkpoint inhibitor agents was associated with increased 
mortality outcomes. The mortality risk at 60 days for 
patients with AKI was up to 67% compared to 10% for 
patients without AKI (3,6). Accordingly, the causes of AKI 
in cancer immunotherapy recipients can vary depending 
on the specific therapy. Treatment with bispecific T 
cell-engaging antibodies and CAR T cell may result 
in AKI as an outcome of CRS, tumor lysis syndrome, 
sepsis or specific CAR T-cell infiltration. In addition, 
immune checkpoint blockade frequently leads to ATIN. 
Nevertheless, glomerular diseases have also been detected 
(1,7).

Types of cancer immunotherapy across with AKI
CAR T-cell therapy can lead to AKI due to CRS or specific 
CAR T-cell infiltration (2). Moreover, bispecific T cell-
engaging antibodies can cause acute kidney damage 
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(8). Similarly, immune checkpoint inhibitors most often 
result in ATIN (3). Other cancer immunotherapies, such 
as bacillus Calmette-Guérin therapy, have also been 
associated with AKI (9).

Risk factors for developing AKI in cancer immunotherapy
Younger age has been identified as a risk factor for 
developing AKI in cancer immunotherapy recipients 
(9,10). Moreover, patients with lower baseline glomerular 
filtration rate are more susceptible to developing AKI 
during cancer immunotherapy (11). Different types of 
cancer immunotherapy have varying risks of causing AKI. 
For example, CAR T-cell therapy and immune checkpoint 
inhibitors have been related to a higher risk of AKI (12).
Certain immunotherapies’ specific mechanisms of action 
can contribute to the development of AKI. For example, 
bispecific T cell-engaging antibodies and CAR T- cell 
therapy can direct to AKI due to CRS (13).

AKI due to cytokine release syndrome 
Cytokine release syndrome is a group of symptoms 
which can arise as an adverse effect of particular kinds of 
immunotherapy, mainly those that encompass T-cells.
Cytokine release syndrome ensues when immune cells are 
triggered and release large amounts of cytokines into the 
circulation (14). Cytokines are small proteins that proceed 
as cell messengers to regulate the immune response. 
Nevertheless, high concentrations of cytokines may cause 
strengthened inflammation through the body, leading to 
CRS (15,16).

In the context of cancer immunotherapy, CRS can 
contribute to the development of AKI in recipients. 
Additionally, bispecific T cell-engaging antibodies and 
CAR T-cell therapy which are types of immunotherapies, 
can lead to AKI due to CRS (17,18). The excessive 
release of cytokines during CRS can cause widespread 
inflammation and damage to various organs, including 
the kidneys (19,20).

Role of macrophages in AKI due to cytokines release 
Macrophages are immune cells that play a crucial role 
in the inflammatory response, both in AKI and chronic 
kidney disease (CKD). Macrophages can promote kidney 
repair or contribute to kidney damage, depending on their 
phenotype and the cytokine release (21,22). Among the 
cytokines released by macrophages, pro-inflammatory 
mediators such as interleukin-1 (IL-1), IL-6, and tumor 
necrosis factor (TNF) can contribute to kidney damage. 
Additionally, anti-inflammatory cytokines such as IL-10 
and profibrotic factors like transforming growth factor-β 
(TGF-β) can also play a role in kidney damage (23,24). The 
role of M2 macrophages and related factors, such as CCL18, 
in AKI is still being studied. In the context of CRS-induced 
AKI in cancer immunotherapy recipients, macrophages 
and related cytokines can contribute to kidney damage 

(25). Macrophages can be activated by cytokines released 
from T-cells and other immune cells, which release pro-
inflammatory cytokines and other mediators contributing 
to kidney damage (26). The exact role of macrophages in 
CRS-induced AKI is not fully understood, however their 
involvement in the inflammatory response and cytokine-
mediated injury is believed to play a role (25). Direct 
renal cell toxicity is another probable mechanism of renal 
damage in CRS. The severity of CRS and its impact on 
the kidneys can vary among individuals and depend on 
factors such as the type of immunotherapy, the dose, and 
the patient’s overall health (8). Close monitoring and 
early detection of AKI are important in managing and 
minimizing the risk of long-term complications in cancer 
immunotherapy recipients

Interaction of macrophages with kidney cells during 
renal inflammation
Under pathological conditions, kidney intrinsic cells and 
inflammatory cells in the renal tissue promote and restrain 
each other by several mechanisms, presenting an intricate 
and dynamic micro-environmental state that finally 
regulates cell fate decisions in the kidney. Macrophages 
can balance the progression of immune cell infiltration 
and inflammation in the kidney (27,28). Furthermore, 
intrinsic renal cells can interact with macrophages 
straightforwardly or through alterations in the tissue 
microenvironment. Macrophage depletion, modification, 
or polarization can affect the progression of AKI and 
the subsequent repair process (21,22). Macrophages 
can also promote fibrosis in the kidney by producing 
profibrotic factors such as TGF-β and interacting with 
other immune cells and intrinsic kidney cells (22,28). 
The specific mechanisms by which macrophages interact 
with intrinsic kidney cells during renal inflammation are 
still being studied. However, macrophages play a central 
role in the inflammatory reaction and tissue repair in the 
kidney (29,30). Understanding the complex interactions 
and signaling pathways involved in macrophage-intrinsic 
kidney cell crosstalk is important for developing targeted 
therapies to modulate their functions and promote kidney 
repair and regeneration (21,28).

Prognosis and treatment
The prognosis of AKI in cancer immunotherapy 
recipients depends on various factors, including the 
underlying cause, severity of renal damage, and timely 
intervention. Treatment options may include supportive 
care, discontinuation or modification of immunotherapy, 
and specific interventions targeting the underlying cause 
of AKI (1,31).

Management of AKI
AKI following cancer immunotherapy can be a serious 
complication that needs prompt evaluation and 
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management. It is an immune-related adverse event 
associated with the use of certain immunotherapy 
drugs, particularly immune checkpoint inhibitors. AKI 
management in the cancer immunotherapy setting involves 
several aspects (1,32). In mild cases, close monitoring 
of kidney function with hydration and cessation of the 
immunotherapy drug may be sufficient. However, in more 
severe cases, additional interventions such as high-dose 
corticosteroids or other immunosuppressive agents may 
be needed (4,33).

Conclusion
Prompt recognition and management of AKI following 
cancer immunotherapy is crucial to prevent further 
kidney damage and optimize patient outcomes. 

Authors’ contribution 
Conceptualization: Sousan Mohammadi Kebar, Saeed 
Hoseininia. 
Data curation: Sousan Mohammadi Kebar, Saeed Hoseininia. 
Investigation: Sousan Mohammadi Kebar, Saeed Hoseininia. 
Resources: Sousan Mohammadi Kebar, Saeed Hoseininia.
Supervision: Sousan Mohammadi Kebar.
Validation: Sousan Mohammadi Kebar, Saeed Hoseininia. 
Visualization: Sousan Mohammadi Kebar.
Writing–original draft: Sousan Mohammadi Kebar, Saeed 
Hoseininia.
Writing–review and editing: Sousan Mohammadi Kebar, Saeed 
Hoseininia. 

Conflicts of interest
The authors declare that they have no competing interests. 

Declaration of generative AI and AI-assisted tools in the 
writing processes
During the preparation of this work, the authors utilized 
ChatGPT—a chatbot developed by OpenAI— to refine grammar 
points and language style in writing. Subsequently, the authors 
thoroughly reviewed and edited the content as necessary, 
assuming full responsibility for the publication’s content.

Ethical issues
Ethical issues (including plagiarism, data fabrication, double 
publication) have been completely observed by the authors.

Funding/Support
None.

References
1.	 Joseph A, Lafarge A, Azoulay E, Zafrani L. Acute Kidney 

Injury in Cancer Immunotherapy Recipients. Cells. 
2022;11:3991. doi: 10.3390/cells11243991. 

2.	 Sury K, Perazella MA. The nephrotoxicity of new 
immunotherapies. Expert Rev Clin Pharmacol. 
2019;12:513-521. doi: 10.1080/17512433.2019.1613888. 

3.	 Kitchlu A, Jhaveri KD, Wadhwani S, Deshpande P, Harel Z, 
Kishibe T, et al. A systematic review of immune checkpoint 
inhibitor-associated glomerular disease. Kidney Int Rep. 
2020;6:66-77. doi: 10.1016/j.ekir.2020.10.002. 

4.	 Seethapathy H, Herrmann SM, Sise ME. Immune 
checkpoint inhibitors and kidney toxicity: advances in 
diagnosis and management. Kidney Med. 2021;3:1074-
1081. doi: 10.1016/j.xkme.2021.08.008. 

5.	 Wojtukiewicz MZ, Rek MM, Karpowicz K, Górska M, 
Polityńska B, Wojtukiewicz AM, et al. Inhibitors of immune 
checkpoints-PD-1, PD-L1, CTLA-4-new opportunities 
for cancer patients and a new challenge for internists and 
general practitioners. Cancer Metastasis Rev. 2021 ;40:949-
982. doi: 10.1007/s10555-021-09976-0. 

6.	 Kanbay M, Copur S, Siriopol D, Yildiz AB, Berkkan M, Popa 
R, et al. The association between acute kidney injury and 
outcomes in cancer patients receiving immune checkpoint 
inhibitor therapy: a systematic review and meta-analysis. 
Clin Kidney J. 2022;16:817-826. doi: 10.1093/ckj/sfac194. 

7.	 Gérard AO, Merino D, Charbinat A, Fournier J, Destere A, 
Loschi M, et al. CAR-T Cells and the Kidney: Insights from 
the WHO Safety Database. Bio Drugs. 2023;37:521-530. 
doi: 10.1007/s40259-023-00599-1. 

8.	 Borówka M, Łącki-Zynzeling S, Nicze M, Kozak S, Chudek 
J. Adverse Renal Effects of Anticancer Immunotherapy: 
A Review. Cancers (Basel). 2022;14:4086. doi: 10.3390/
cancers14174086. 

9.	 Mohammed A, Arastu Z. Emerging concepts and spectrum 
of renal injury following Intravesical BCG for non-muscle 
invasive bladder cancer. BMC Urol. 2017;17:114. doi: 
10.1186/s12894-017-0304-5. 

10.	 Patel C, Shah HH. Vaccine-associated kidney diseases: 
A narrative review of the literature. Saudi J  Kidney Dis 
Transplant. 2019;30:1002-9. 

11.	 Hsu RK, Hsu CY. Proteinuria and reduced glomerular 
filtration rate as risk factors for acute kidney injury. Curr 
Opin Nephrol Hypertens. 2011;20:211-7. doi: 10.1097/
MNH.0b013e3283454f8d. 

12.	 Braet P, Sartò GVR, Pirovano M, Sprangers B, Cosmai L. 
Treatment of acute kidney injury in cancer patients. Clin 
Kidney J. 2021 Dec 24;15:873-884. doi: 10.1093/ckj/sfab292. 

13.	 Constantinescu C, Pasca S, Tat T, Teodorescu P, Vlad C, 
Iluta S, et al. Continuous renal replacement therapy in 
cytokine release syndrome following immunotherapy or 
cellular therapies? J Immunother Cancer. 2020;8:e000742. 
doi: 10.1136/jitc-2020-000742. 

14.	 Cosenza M, Sacchi S, Pozzi S. Cytokine Release Syndrome 
Associated with T-Cell-Based Therapies for Hematological 
Malignancies: Pathophysiology, Clinical Presentation, 
and Treatment. Int J Mol Sci. 2021;22:7652. doi: 10.3390/
ijms22147652. 

15.	 Kany S, Vollrath JT, Relja B. Cytokines in Inflammatory 
Disease. Int J Mol Sci. 2019 Nov 28;20:6008. doi: 10.3390/
ijms20236008. 

16.	 Zhang JM, An J. Cytokines, inflammation, and pain. 
Int Anesthesiol Clin. 2007;45:27-37. doi: 10.1097/
AIA.0b013e318034194e. 

17.	 Jhaveri KD, Rosner MH. Chimeric Antigen Receptor T Cell 
Therapy and the Kidney: What the Nephrologist Needs 
to Know. Clin J Am Soc Nephrol. 2018;13:796-798. doi: 
10.2215/CJN.12871117. 

18.	 Zhou H, Yang M, Cui L, Jiang J. Chimeric antigen receptor T 
cell therapy and nephrotoxicity: From diagnosis to treatment 
strategies. Int Immunopharmacol. 2020;89:107072. doi: 
10.1016/j.intimp.2020.107072. 

https://jnephropharmacology.com


Journal of Nephropharmacology, Volume 14, Issue 1, 2025          https://jnephropharmacology.com4 

Mohammadi Kebar S et al

19.	 Que Y, Hu C, Wan K, Hu P, Wang R, Luo J, et al. Cytokine 
release syndrome in COVID-19: a major mechanism of 
morbidity and mortality. Int Rev Immunol. 2022;41:217-
230. doi: 10.1080/08830185.2021.1884248. 

20.	 Sury K, Perazella MA. The nephrotoxicity of new 
immunotherapies. Expert Rev Clin Pharmacol. 
2019;12:513-521. doi: 10.1080/17512433.2019.1613888. 

21.	 Meng X, Jin J, Lan HY. Driving role of macrophages in 
transition from acute kidney injury to chronic kidney 
disease. Chin Med J (Engl). 2022;135:757-766. doi: 10.1097/
CM9.0000000000002100. 

22.	 Chen H, Liu N, Zhuang S. Macrophages in Renal Injury, 
Repair, Fibrosis Following Acute Kidney Injury and 
Targeted Therapy. Front Immunol. 2022;13:934299. doi: 
10.3389/fimmu.2022.934299. 

23.	 Wang X, Chen J, Xu J, Xie J, Harris DCH, Zheng G. The 
Role of Macrophages in Kidney Fibrosis. Front Physiol. 
2021 Aug 6;12:705838. doi: 10.3389/fphys.2021.705838. 

24.	 Cantero-Navarro E, Rayego-Mateos S, Orejudo M, Tejedor-
Santamaria L, Tejera-Muñoz A, Sanz AB, et al. Role of 
Macrophages and Related Cytokines in Kidney Disease. 
Front Med (Lausanne). 2021;8:688060. doi: 10.3389/
fmed.2021.688060. 

25.	 Han HI, Skvarca LB, Espiritu EB, Davidson AJ, Hukriede 
NA. The role of macrophages during acute kidney injury: 
destruction and repair. Pediatr Nephrol. 2019;34:561-569. 
doi: 10.1007/s00467-017-3883-1. 

26.	 Arango Duque G, Descoteaux A. Macrophage cytokines: 
involvement in immunity and infectious diseases. Front 
Immunol. 2014;5:491. doi: 10.3389/fimmu.2014.00491. 

27.	 Mata R, Yao Y, Cao W, Ding J, Zhou T, Zhai Z, et al. The 
dynamic inflammatory tissue microenvironment: signality 
and disease therapy by biomaterials. Research (Wash D C). 
2021;2021:4189516. doi: 10.34133/2021/4189516. 

28.	 Deng J, Wu Z, He Y, Lin L, Tan W, Yang J. Interaction 
between intrinsic renal cells and immune cells in the 
progression of acute kidney injury. Front Med (Lausanne). 
2022;9:954574. doi: 10.3389/fmed.2022.954574. 

29.	 Meng XM, Tang PM, Li J, Lan HY. Macrophage Phenotype 
in kidney injury and repair. Kidney Dis (Basel). 2015;1:138-
46. doi: 10.1159/000431214. 

30.	 Imig JD, Ryan MJ. Immune and inflammatory role in renal 
disease. Compr Physiol. 2013;3:957-76. doi: 10.1002/cphy.
c120028. 

31.	 Cosmai L, Porta C, Foramitti M, Perrone V, Mollica L, 
Gallieni M, et al. Preventive strategies for acute kidney 
injury in cancer patients. Clin Kidney J. 2020;14:70-83. doi: 
10.1093/ckj/sfaa127. 

32.	 Herrmann SM, Perazella MA. Immune Checkpoint 
Inhibitors and Immune-Related Adverse Renal Events. 
Kidney Int Rep. 2020;5:1139-1148. doi: 10.1016/j.
ekir.2020.04.018. 

33.	 Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil 
KJ, Caterino JM, et al; National Comprehensive Cancer 
Network. Management of immune-related adverse events 
in patients treated with immune checkpoint inhibitor 
therapy: American Society of Clinical Oncology Clinical 
Practice Guideline. J Clin Oncol. 2018;361714-1768. doi: 
10.1200/JCO.2017.77.6385. 

Copyright © 2025 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://jnephropharmacology.com/

