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Abstract: With the increasing popularity of immune checkpoint inhibitors (ICIs) in tumor treatment, the incidence of 
immune-related adverse events (irAEs), including acute kidney injury (AKI), is on the rise. Renal biopsy serves as the 
gold standard for determining the true etiology of AKI following ICIs administration; however, due to potential risks 
and associated losses with this procedure, comprehensive analysis of physiological data and predictive models 
are gradually being incorporated into clinical practice to differentiate AKI etiologies. These include criteria such as 
a ≥ 100% increase in serum creatinine (Scr) from baseline or a 50% increase accompanied by other pathological 
manifestations, renal replacement therapy (RRT), or absence of any other reasonable cause. Currently, cessation of 
ICIs and steroid therapy represent commonly employed treatment approaches; nevertheless, these strategies have 
inherent side effects and may not be feasible for certain patient populations, such as those with diabetes, posing 
challenges for clinicians. Recent studies have demonstrated that rituximab, mycophenolate mofetil (MMF), and inf-
liximab can potentially replace steroid therapy in managing ICIs-induced AKI (ICIs-AKI), offering a novel therapeutic 
perspective. This review provides an overview of non-invasive methods for distinguishing between AKI following ICIs 
use and ICIs-AKI while discussing strategies for treating ICIs-AKI.
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Introduction

Immune checkpoint inhibitors (ICIs) elicit anti-
tumor immune responses by hyperactivating 
the immune system, ushering in a new era of 
cancer treatment [1]. However, alongside sig-
nificantly improving cancer patient survival 
rates, ICIs are also accompanied by notable 
adverse effects known as immune-related 
adverse events (irAEs) [2]. These irAEs can 
affect various organs, including the kidney [3]. 
Currently, there is an increasing number of 
studies focusing on acute kidney injury (AKI)  
following ICIs administration. The key distinc-
tion among these studies lies in whether they 
differentiate the direct cause of AKI. To facili-
tate differentiation, we refer to all-cause AKI 
occurring after ICIs usage as aAKI, while AKI 
induced by ICIs confirmed by biopsy or other 
methods are called ICIs-AKI. This distinction 
between aAKI and ICIs-AKI is crucial due to 

their different mechanisms and intervention 
strategies [4]. Therefore, this article primarily 
aims to summarize methods for distinguishing 
ICIs-AKI from other forms of AKI and discuss its 
corresponding treatments.

Clinical features

The incidence of aAKI is primarily around 12.0% 
[2, 5-9], and the median time from ICIs initia-
tion to AKI is approximately 80 days. When the 
etiology is limited to ICIs induction, the inci-
dence significantly decreases to only 1.4-5.3% 
[2, 3, 9-11]. Meanwhile, the median time from 
the initiation of ICIs to ICIs-AKI typically ranges 
between 91 and 112 days [7, 11-13]. Intere- 
stingly, different types of ICIs can affect the 
time of onset, one report showed that CTLA-4 
inhibitors can start as early as 6-12 weeks  
after initiation, while PD-1 inhibitors may take 
3-6 months [8]. Furthermore, acute interstitial 
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Figure 1. Baseline characteristics of the aAKI and ICIs-AKI. The other types in (A) in ascending order are: glioblas-
toma multiforme, liquid, colorectum, head and neck, gastroduodenum, breast, hepatobiliary, urinary tract. The 
other types in (B) in ascending order are: pancreatic, Hodgkin’s lymphoma, colorectum, gastrointestinal tract, renal, 
hepatobiliary. The other types in (C) in ascending order are: congestive hearts failure, chronic obstructive pulmo-
nary disease, autoimmune disease, cerebrovascular disease, coronary heart disease, liver disease, chronic kidney 
disease, anemia. The other types in (D) in ascending order are: cerebrovascular disease, peripheral vascular dis-
ease, coronary heart disease, heart failure, liver disease, chronic obstructive pulmonary disease, chronic kidney 
disease. The other types in (E) in ascending order are: Allopurinol, steroid, H2 blockers, diuretics, ACEi/ARBs. The 
other types in (F) in ascending order are: H2 antagonist, ACEi/ARBs, corticosteroids, antibiotics, Fluindione, calcium 
channel blocker, diuretics, NSAIDs. The types in (G) in ascending order are: anti-PD-L1, anti-CTLA-4, anti-PD-1. The 
types in (H) in ascending order are: anti-PD-L1, anti-CTLA-4, anti-PD-1. Abbreviations: aAKI, all-cause acute kidney 
injury that occurs after using immune checkpoint inhibitors; ACEIs, angiotensin converting enzyme inhibitors; ARBs, 
angiotensin receptor blockers; CTLA-4, cytotoxic T lymphocyte antigen-4; ICIs-AKI, acute kidney injury induced by im-
mune checkpoint inhibitors; NSAIDs, nonsteroidal anti-inflammatory drugs; PD-1, programmed cell death 1; PD-L1, 
programmed cell death ligand; PPIs, proton pump inhibitors.

nephritis (AIN) has been proven to be the most 
common lesion seen in histopathologic series 
[11, 13]. However, with the increasing popular-
ity of ICIs, pathological manifestations other 
than AIN are gradually emerging, distal renal 
tubular acidosis (RTA), renal granulomatous 
arteritis, anti-glomerular basement membrane 
disease (anti-GBM) glomerulonephritis have 

been reported [14-16]. Sub-nephrotic protein-
uria and pyuria are common pathological mani-
festations of ICIs-AKI [13].

Besides, we have summarized the articles that 
clearly listed the characteristics of AKI in re- 
cent years [2, 4-7, 9, 11-13, 17], as shown in 
Figure 1 and Table 1. We can see that the 
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Table 1. Baseline characteristics of the aAKI and ICIs-AKI
Category aAKI ICIs-AKI

Article Alejandro  
Meraz-Muño [5] Marije S. Koks [6] Megan L. Baker 

[4]
Shruti Gupta 

[12] Cortazar FB [13] Xiang Yu [7] Alexandre  
O. Gérard [17]

Age, median (IQR) 63.0 (55.0 to 68.0) 64.0 (53.0-73.0) 65.4 (57.3, 73.3) 68.0 (59.0-75.0) 67.0 (58.0-74.0) 57.0 (49.0-64.3) 69.1 ± 11.3

Male (%) 70.6 57.3 54.5 62.0 60.0 63.2 64.1

Baseline Scr mg/dL, median (IQR) 0.8 (0.7 to 1.0) - 0.8 (0.7, 1.0) 1.0 (0.8-1.2) 0.9 (0.8-1.2) 60.5 (50.6, 76.4) -

Baseline eGFR mL/min/1.73 m2, median (IQR) 90.0 (72.0 to 99.0) 92.0 (73.0 to 103.0) 86.3 (65.5, 99.3) 73.0 (57.0-90.0) 72.0 (55.0-89.0) (ml/min) 103.6 (89.1, 111.5) -
Abbreviations: aAKI, all-cause acute kidney injury that occurs after using immune checkpoint inhibitors; eGFR, estimated glomerular filtration rate; ICIs-AKI, induced acute kidney injury by immune checkpoint inhibitors; Scr, serum creatinine.
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Figure 2. Risk factors of aAKI and ICIs-AKI. Abbreviations: aAKI, all-cause acute kidney injury that occurs after using 
immune checkpoint inhibitors; ACEIs, angiotensin converting enzyme inhibitors; Alb, albumin; ARBs, angiotensin 
receptor blockers; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ICIs-AKI, acute kidney 
injury induced by immune checkpoints inhibitors; irAEs, immune related adverse events; NSAIDs, nonsteroidal anti-
inflammatory drugs; PD-1, programmed cell death 1; PPIs, proton pump inhibitors.

demography of aAKI and ICIs-AKI are roughly 
the same: (1) Most common in lung cancer and 
melanoma; (2) Patients are often complicated 
with hypertension and diabetes; (3) PD-1 inhibi-
tors are the most commonly used ICIs drugs; 
(4) Slightly different among concomitant drugs: 
proton pump inhibitors (PPIs), antibiotics, and 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
are all common in aAKI, while in ICIs-AKI, PPIs 
are significantly higher than other drugs; (5) 
Most patients are male; (6) The age is concen-
trated in 50-70 years old.

Risk factors

Figure 2 lists factors that have been proven to 
be risk factors of aAKI and ICIs-AKI in recent 

years. The concomitant medication is the most 
important issue for us to pay attention to, 
among which NSAIDs and PPIs have been prov-
en as risk factors in multiple studies, regard-
less of whether the etiology is limited to ICIs-
induced cases [5-7, 9, 12, 13, 17-20], which 
may be attributed to the nephrotoxicity of the- 
se drugs. And for ICIs-AKI, esomeprazole and 
lansoprazole are the highest risk in PPIs [21]. 
However, not all drugs with nephrotoxicity com-
bined with ICIs will increase the risk of AKI. In 
an experiment studying the treatment of non-
squamous non-small cell lung cancer (NSCLC), 
there was no significant difference in the inci-
dence, severity, treatment and renal recovery 
of AKI between the combination of pembro- 
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lizumab-carboplatin-pemetrexed group and 
pembrolizumab monotherapy [22].

Comorbidity is the second largest risk factor, 
especially chronic kidney disease (CKD) [4, 5, 
18, 23]. However, we need to note that CKD 
patients already have renal dysfunction, mak-
ing it difficult to determine the true cause of the 
increased incidence of ICIs-AKI, and there are 
already articles proving that CKD is not a risk 
factor [13, 23]. Therefore, CKD patients may 
not need to stop ICIs, especially when treat-
ment options are limited. Besides, there have 
been articles reporting that coronavirus dis-
ease 2019 (COVID-19) increases the risk of 
ICIs-AKI, which may be because the pro-inflam-
matory environment caused by viral infection 
and the use of ICIs can cause the renal paren-
chyma to lose its self-tolerance [24, 25]. 
Meanwhile, in ICIs therapy, nivolumab and ipili-
mumab were shown to have the greatest risk 
for ICIs-AKI [7, 11].

Mechanism

AKI caused by non-ICIs can be attributed to 
various factors, including urinary tract obstruc-
tion and hemodynamic AKI/ATN. The precise 
mechanisms underlying ICIs-AKI remain un- 
known; however, the following outlines the  
most probable mechanisms (Figure 3).

Loss of tolerance versus self-antigen

T cells are more susceptible to losing tolerance 
towards native kidney antigens in the presence 
of ICIs, thereby activating self-reactive B cells 
and generating autoantibodies against specific 
self-antigens within organs like the kidney 
(Figure 3A) [1]. Although the exact antigen is 
currently unidentified, it is likely expressed by 
tubular cells based on the predominant finding 
of ATIN on biopsy [3].

Off-target effect

The interaction between PD-L1 on renal tu- 
bular epithelial cells and PD-1 on T cells plays  
a protective role against immune-mediated 
renal interstitial injury caused by T cell-mediat-
ed autoimmunity. However, ICIs can block this 
pathway, leading to renal injury (Figure 3B) [26, 
27].

Pro-inflammatory environment

ICIs have the potential to enhance effector T 
cell migration and activation within renal tis-
sue, while promoting immune cell infiltration 
and pro-inflammatory cytokine release. Inflam- 
matory mediators such as CXCL-10, TNF-α and 
IL-6 contribute to an inflammatory microenvi-
ronment that ultimately leads to kidney injury 
(Figure 3C) [28, 29].

Re-activation of drug-specific T cells

T cells that were previously primed during expo-
sure to nephritogenic drugs, such as PPIs and 
NSAIDs, can become latent over time. However, 
the use of ICIs can reactivate these T cells, 
leading to the loss of tolerance (Figure 3D) 
[30]. This reactivation may explain the long 
incubation period observed in ICIs-AKI. Fur- 
thermore, this pathway might be associated 
with the influx of vascular T cells and subse-
quent development of granuloma formation, 
potentially explaining the pathophysiology of 
renal granulomatous arteritis related to CTLA-4 
blockade [15].

ICIs bind with kidney-associated cells to form 
the antigen

Additionally, certain tissues express checkpoint 
receptors naturally; therefore, when ICIs bind to 
kidney-associated cells and are recognized as 
antigens, an immune response is triggered, 
resulting in the generation or reactivation of T 
cells against renal tissues (Figure 3E) [31].

Moreover, PD-1’s inhibition of regulatory cells 
(Tregs), the interaction between PD-L1 and 
complement system activation, and the inter-
action between dendritic cells and T cells in 
ICIs-AKI along with subsequent activation of T 
cells may also contribute to this pathophysio-
logical process [28, 32, 33], although further 
research is warranted due to the limited evi-
dence available.

Prognosis

Given the relatively low incidence rate of ICIs-
AKI and the limited articles directly attributing 
AKI solely to ICIs usage in the literature reviewed 
so far; our discussion primarily focuses on the 
consequences associated with aAKI.
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Figure 3. By Figdraw. Mechanisms of ICIs-AKI. A: T cells recognize self-antigens and stimulate B cells to produce 
antibodies that target tissues; B: The protection pathways of PD-L1 and PD1 are blocked; C: ICIs induce T cells to 
produce inflammatory factors and break tissues; D: T cells previously exposed to nephrotoxic drugs were reactivated 
by ICIs; E: The binding of ICIs to kidney tissue results in the formation of antigens. Abbreviations: aAKI, all-cause 
acute kidney injury that occurs after using immune checkpoint inhibitors; ACEIs, angiotensin converting enzyme in-
hibitors; Alb, albumin; ARBs, angiotensin receptor blockers; CKD, chronic kidney disease; eGFR, estimated glomeru-
lar filtration rate; ICIs-AKI, acute kidney induced by immune checkpoints inhibitors; irAEs, immune related adverse 
events; NSAIDs, nonsteroidal anti-inflammatory drugs; PD-1, programmed cell death 1; PPIs, proton pump inhibitors.

The effect of AKI on mortality rates remains 
uncertain [4, 5, 34]; however, non-recovery 
from AKI has been identified as an indepen- 
dent predictor for increased mortality risk [4]. 
Ming-Su Ji et al. found that patients who failed 
to recover renal function within 90 days after 
onset had a higher risk of death compared to 
those who did recover their renal function [9]. 
These findings align with another study that 

reported an increased mortality risk among 
patients with persistent kidney dysfunction 
(non-recovery) [34].

Differentiation and diagnosis

The incorrect attribution of AKI etiology to ICIs 
not only results in improper treatment but also 
exacerbates cancer conditions due to the sus-
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Table 2. The way of differentiating ICIs-AKI from aAKI
Article Method
Shruti Gupta [12] Patients were eligible for inclusion if they had acute kidney injury (AKI) that was directly 

attributed to the immune checkpoint inhibitors (ICIs) by the treating provider and if they 
met either of the following criteria: (1) an increase in serum creatinine (Scr) ≥ 100% 
from baseline or treatment with renal replacement therapy (RRT); (2) an increase in 
Scr ≥ 50% from baseline and at least one of the following: ATIN on kidney biopsy; ICIs 
therapy held for at least once cycle due to concern for induced acute kidney injury by 
immune checkpoint inhibitors (ICIs-AKI); or treatment with corticosteroids due to con-
cern for ICIs-AKI.

Harish Seethapathy [2] (1) AKI attributed to ICIs-AKI either by biopsy or subspecialist evaluation; (2) AKI without 
alternative cause** occurring in the context of concurrent immune related adverse 
events (irAEs).

Frank B. Cortazar [13] AKI was attributed directly to the ICIs by the treating provider and the patient had at 
least a doubling of Scr or the requirement for RRT.

Shruti Gupta [3] (1) creatinine elevation of ≥ 1.5 times the baseline value on at least two consecutive 
values or need for RRT; (2) absence of an alternative plausible cause; (3) at least one 
of three additional criteria: sterile pyuria, eosinophilia, or recent or concomitant non-
kidney irAEs.

**Patient did not have sepsis, nephrotoxin exposure, or a hemodynamic cause, and they did not improve with an intravenous 
fluid challenge. Abbreviations: aAKI, all-cause acute kidney injury that occurs after using immune checkpoint inhibitors; ICIs-
AKI, induced acute kidney injury by immune checkpoint inhibitors; irAEs, immune related adverse events; RRT, renal replace-
ment therapy; Scr, serum creatinine.

pension of ICIs therapy. Therefore, it is crucial 
to differentiate between ICIs-AKI and non-ICIs-
AKI before determining the treatment plan. 
Table 2 presents several recently adopted 
methods for this purpose.

Biopsy

When suspecting ICIs-related nephrotoxicity, 
especially in cases of significant renal function 
damage with an unknown cause, strong cau-
tion should be given. Early administration of 
corticosteroids (within 3 days after ICIs-AKI) 
has been shown to increase the likelihood of 
renal function recovery [12]. Additionally, pa- 
tients with higher stages of ICIs-AKI have a 
lower probability of renal recovery. It is impor-
tant to note that kidney injury in patients treat-
ed with ICIs often develops gradually and may 
not meet the definition of AKI, underscoring the 
significance of early recognition and treatment 
of ICIs-AKI to prevent disease deterioration and 
hinder cancer patient management [12, 35].

Non-invasive methods

While renal biopsy remains the gold standard, 
its potential harm to patients is difficult to esti-
mate; therefore, other non-invasive methods 
are more valuable.

Physiological data: As shown in Table 2, clini-
cally used indicators include an increase in 
serum creatinine (Scr) ≥ 100% from baseline, 
treatment with renal replacement therapy 
(RRT), and an increase in Scr ≥ 50% from ba- 
seline accompanied by other manifestations  
or the absence of an alternative plausible 
cause. Studies have also highlighted additional 
differentiating indicators.

Compared with aAKI, various indicators sig- 
nificantly increase in cases of ICIs-AKI: (1) 
Cytological analysis: several specific immune 
cells, including CD4 memory, T helper cells, 
dendritic cells in the kidney tissue [28], and 
soluble interleukin-2 receptor (sIL-2R) level 
[36]; (2) Urinalysis: IL-2, IL-10, TNF-α, and urine 
retinol binding protein/urine creatinine (uRBP/
Cr) [28, 37]; (3) Serology: serum C-reactive pro-
tein (CRP) [37]. Recently, a report found that 
IgG2 is dominant in anti-GBM glomerulonephri-
tis induced by pembrolizumab, while IgG1 or 
IgG4+ is dominant in classical anti-GBM glo-
merulonephritis [16]. This suggests that the  
IgG subclass may be useful in differentiating 
between ICIs and non-ICIs-AKI. Dysregulation 
of B and T cells through flow cytometry and the 
lymphocyte transformation test (LTT) can also 
be helpful [36, 38].
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In cases where histological features are limited 
to ATIN, compared with non-ICIs related cases, 
ICIs-AKI presents milder forms of AKI, lower 
creatinine levels, higher urinary leukocyte co- 
unts, longer periods between offending drug 
initiation and ATIN diagnosis, as well as differ-
ences in the occurrence of flare after drug re-
exposure [39]. T cells also play a crucial role in 
discrimination: antigen-independent activated 
CD8+ T cells, CD163+ macrophages, and CD4+ 
CD25+ Treg cells have been demonstrated to 
increase in patients with ICIs-TIN [40]. Addi- 
tionally, clonotype analysis revealed that the 
urinary T cell receptors (TCRs) are significantly 
enriched for a TCR repertoire predominantly 
found in infiltrating kidney tissue T cells com-
pared to blood TCRs of a patient with ICIs-AIN 
[41].

Prediction model: With advances in science 
and technology, obtaining patient information 
through big data computing has gradually been 
applied clinically [42]; one study established an 
ICIs-AKI prediction model based on machine 
learning algorithms to achieve early prediction 
of AKI events regardless of the type of ICIs 
drugs they are receiving (except nivolumab) [7].

Extrarenal irAEs have also shown potential as 
indicators recently; however, there have been 
many controversies surrounding this topic, 
which requires further research [2, 3, 23].

Treatment

When AKI is determined to be induced by ICIs, 
resolving an irAE may take precedence over the 
cancer response to ICIs [43]. Particularly in life-
threatening situations, consideration should  
be given to using an antidote such as plasma 
exchange (to remove circulating ICIs) and 
abatacept (to induce co-stimulation blockade), 
which have been validated by several reports 
[43, 44].

Steroids

Steroids are commonly used traditional drugs 
for treating ICIs-AKI and their therapeutic effi-
cacy has been confirmed [8, 11, 13]. The fol-
lowing is the most recent discussion on the use 
of steroids.

Start time: There is no exact definition for the 
initiation time; however, it is appropriate to 

commence steroid treatment when AKI severity 
is high and accompanied by other irAEs. Mark 
A. Perazella et al. proposed an algorithm: if AKI 
caused by ICIs is confirmed at stage 2/3 and 
there are other irAEs along with sterile pyuria 
and/or white blood cell (WBC) cast present, ste-
roids will be administered; otherwise, steroids 
will be initiated after the kidney biopsy confirms 
AIN [45].

Duration: Some articles have reported favor-
able prognoses in patients receiving longer-
term steroid therapy [8, 11]. However, in the 
study conducted by Shruti Gupta et al., no sig-
nificant difference was observed in patients 
treated with shorter (28 days or less) versus 
longer durations of corticosteroids [46]. 
Additionally, certain studies have suggested 
that steroids may potentially hinder the antitu-
mor effect of ICIs [4, 47]. Considering these 
findings and the associated side effects of ste-
roids, short-term usage appears to be a more 
rational choice.

Dose: At the initial stage of treatment, the dos-
age of steroids can be escalated. In Sandhya 
Manohar et al.’s cohort study, patients who 
achieved complete recovery of renal function 
received a higher dose of steroids (2.79 mg/kg 
per month; range 1.45-3.2) compared to those 
with partial recovery (1.74 mg/kg per month; 
range 0.8-3.2). Additionally, among the patients 
who initially received IV pulse steroids, 5 out of 
7 experienced complete restoration of kidney 
function [48].

The most commonly employed regimen for ste-
roid reduction involves tapering over 4-6 weeks 
[29, 49]. However, there is an ongoing debate 
regarding the optimal rate at which to reduce 
steroid dosage. Meghan D Lee et al.’s findings 
demonstrated that rapid tapering over a span 
of 3 weeks resulted in favorable kidney out-
comes for patients with ICIs-nephritis [50]. 
Conversely, some articles suggested caution 
against excessively swift reductions in steroid 
dosage [48, 51], as one report indicated that a 
rapid taper over 4 weeks led to rebound AKI 
while a slow taper lasting at least 8-12 weeks 
was better tolerated [48]. Therefore, further 
research is warranted in this area.

Moreover, immune cell analysis during ICIs 
treatment may offer valuable insights into guid-
ing management strategies for ICIs-AKI and 
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determining appropriate immunosuppressive 
treatments and optimal steroid dosages since 
extensive T cell activation induced by ICIs  
can be reversed through steroid administration 
[28].

Other drugs

While the therapeutic efficacy of steroids is sig-
nificant, their potential adverse effects cannot 
be overlooked and should be carefully consid-
ered for certain patient populations, such as 
those with diabetes, where the disadvantages 
may outweigh the benefits [52]. Meanwhile, 
discontinuing ICIs treatment is unfavorable for 
cancer patients as it can result in cancer pro-
gression. Recently, several alternatives to ste-
roids, such as rituximab, mycophenolate mofe- 
til (MMF), and infliximab, have been explored in 
various studies and have shown promising out-
comes. Cyclophosphamide has also been men-
tioned as a potential option [3].

Rituximab: A monoclonal anti-CD20 antibody 
can be administered without interrupting ICIs 
treatment. In the study by Sehrish Qureshi et 
al., it was observed that rituximab enabled 
patients to continue receiving ICIs while achiev-
ing renal and disease remission, without inhib-
iting the antineoplastic effects of ICIs therapy 
[53]. Another study by Praveen Ratanasrimetha 
et al. demonstrated a significant improvement 
in renal function when rituximab was adminis-
tered to a patient with metastatic clear cell 
renal cell carcinoma who developed ICIs-
membranous nephropathy [54].

MMF: MMF can serve as an effective frontline 
therapy for AKI when steroids are contraindi-
cated. Shlomit Jessel et al. reported a case 
where an AKI patient with diabetes was treated 
with MMF instead of high-dose steroids due  
to concerns about blood glucose control and 
increased morbidity associated with conven-
tional steroid therapy. Within 30 days of initiat-
ing MMF treatment, the patient’s creatinine 
level decreased to 1.3 mg/dL, and immunosup-
pressive therapy was gradually tapered off over 
a period of 2 months without any recurrence of 
AIN [52]. Another article reported that among 
the seven individuals who received MMF, one 
achieved complete recovery while six experi-
enced partial recovery [13].

Infliximab: Infliximab is a worthy option for  
steroid-resistant patients. Omar Mamlou et al. 

observed one case did not respond to steroids 
but did respond partially to infliximab [30], and 
another report found no association between 
infliximab and cancer progression with the 
exception of genitourinary cancers [55]. These 
may be due to infliximab’s immediate action to 
block TNF-α caused by ICIs [30].

Lower levels of serum sodium and interstitial 
fibrosis in kidney tissue, along with a signifi- 
cant decrease in urine T lymphocyte count, can 
serve as reliable indicators for renal response 
to treatment [41, 56, 57]. Several articles have 
investigated factors influencing the recovery of 
AKI and identified baseline anemia, baseline 
albumin (Alb) < 30 g/L, use of diuretics, dura-
tion, and occurrence of AKI episodes, presence 
of concomitant extrarenal irAEs, higher base-
line eGFR, and lung cancer as independent risk 
factors for patient mortality [4, 9, 12, 13]. 
Conversely, higher baseline body mass index 
(BMI), use of ACEIs/ARBs (angiotensin con- 
verting enzyme inhibitors/angiotensin receptor 
blockers), and chemotherapeutic agents were 
found to be protective factors against patient 
mortality [9, 23]. Besides, a study on PD-1 
inhibitors for advanced NSCLC revealed that 
better progression-free survival (PFS) and lon-
ger OS were associated with neutrophil/lym-
phocyte ratio (NLR) < 5, lactate dehydrogenase 
(LDH) < 240 U/L, or prognostic nutrition index 
(PNI) ≥ 45 [58]. Furthermore, previous use of 
ATIN-causing therapies in combination therapy 
increases the likelihood of renal function recov-
ery [12, 13], which is linked to decreased posi-
tive results in drug-induced lymphocyte stimu-
lation tests after discontinuation of medication 
[59].

Should patients recover from ICIs-AKI rechal-
lenge with ICIs?

ICIs therapy has demonstrated significant ther-
apeutic efficacy across various tumors and 
plays a crucial role in improving PFS and OS for 
patients [56]. Although some oncology guide-
lines recommend permanent discontinuation 
of ICIs for Grade 3 or 4 AKI [60], numerous 
studies have shown that most patients with 
ICIs-AKI can benefit from rechallenge with ICIs.

Alejandro Meraz-Muñoz et al. reported only one 
case (8.3%) of recurrent AKI, and if limited to 
ICIs-AKI as the cause, the recurrence rate 
would be 12.5% [5]. Similar findings from other 
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researches support this notion and indicate 
that the incidence of AKI upon rechallenge with 
ICIs following recovery from ICIs-AKI is not high 
[3, 11-13]. Moreover, in Mar Riveiro-Barciela et 
al. report, 85.0% of experts believe that after 
the complete recovery of renal function, it can 
be rechallenged [49].

Considering rechallenges in patients who show 
no evidence of harm when rechallenged with 
ICIs seems reasonable, particularly when treat-
ment options are limited. Therefore, it is recom-
mended to follow the principle of ‘three lows’ 
for arranging ICIs rechallenge, which includ- 
es late start, low dosage, and de-escalation 
approach.

“Late start” refers to the non-emergency 
rechallenge of ICIs and it is recommended to 
initiate treatment after the complete recovery 
of kidney function. According to Cortazar et al., 
patients who experienced recurrent AKI were 
rechallenged sooner after the initial AKI epi-
sode [13], and it has been established that the 
benefits on the tumor persist even after discon-
tinuation of ICIs treatment [43]. The term “low 
dosage” indicates initiating therapy with a low 
dose of steroids. One study reported that pa- 
tients recovering from ICIs-AIN can be rechal-
lenged while taking low-dose prednisone (10 
mg/d) [48]. The “de-escalation approach” sug-
gests transitioning from combination drug ther-
apy to monotherapy when rechallenging, but 
PD-L1 inhibitors to CTLA4 inhibitors would not 
be recommended because of a higher syste- 
mic toxicity rate [61]. Additionally, discontinu- 
ing other drugs associated with AKI and regu-
larly evaluating immune cells in urine is neces-
sary; an increase in T cell count in urine may 
indicate a recurrence of ICIs-AKI [41, 50].

Prevention

Firstly, vigilance towards risk factors is crucial. 
Apart from the aforementioned risk factors, 
there are methods for predicting high-risk pop-
ulations. HLA typing assay could be valuable for 
identifying genetically susceptible or potentially 
beneficial individuals prior to ICIs treatment 
[62]. Biomarkers might also play a significant 
role in diagnostic and therapeutic manage-
ment. Low NLR, low platelet-to-lymphocyte 
ratio (PLR), high PNI, elevated expression of 
neutrophil marker CD177, clonal expansion of 
CD8 T-cells, and baseline IL-17 levels have 

been confirmed as predictive markers for irAEs 
[58, 63, 64].

Secondly, the choice of ICIs therapy should be 
considered. Durvalumab ± low-dose tremelim-
umab and avelumab consistently ranked am- 
ong the top three safest treatments for grade 
1-5 or grade 3-5 AKI, according to CTCAE crite-
ria [10]. Besides, given that ICIs-AKI may involve 
the reactivation of drug-specific T cells, it is 
advisable to replace nephrotoxic drugs in 
patients at potential risk of ICIs-AKI [7, 59].

Thirdly, vigilance in monitoring during treat- 
ment is crucial. A case reported by Koya Na- 
gase et al. highlighted pembrolizumab-induced 
immune-related adverse events masked by pe- 
metrexed nephropathy [65], emphasizing the 
importance of considering single etiology and 
drug-induced nephrotoxicity to avoid missed 
diagnosis of AKI during ICIs treatment. Regular 
urinalysis, renal function assessment, and 
urography are also recommended throughout 
ICIs treatment [51].

Conclusion

As ICIs become more widely used in the clinic, 
clinicians need to fully evaluate the ICIs used by 
patients to avoid unnecessary injury. Before 
treatment, methods such as biopsy or a com-
prehensive analysis of clinical indicators should 
be employed to differentiate the etiology of AKI. 
Once ICIs are confirmed as the cause, steroids 
are the first choice, though the treatment is not 
yet clear, it is advised that high-severity AKI 
accompanied by other irAEs warrants early ste-
roid administration with an initial dose escala-
tion and subsequent tapering over a period of 
4-6 weeks, and keep the overall treatment 
duration as short as possible. If steroids are 
not suitable drugs, rituximab, MMF, and inflix-
imab can also be considered. After recovering 
from ICIs-AKI, patients should consider re- 
challenging ICIs, and follow the “three lows” 
principle.
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