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Introduction: Acute kidney injury (AKI) in cancer patients receiving immune

checkpoint inhibitors (ICIs) may recognize multiple causes. Here, we reviewed

cases of biopsy-proven acute tubulointerstitial nephritis (ATIN) to describe the

clinical characteristics and outcomes of this condition.

Method: We conducted a pooled analysis of clinical cases of ICI-related biopsy-

proven ATIN up to 1 May 2022. We collected data on clinical characteristics, AKI,

biopsy findings, laboratory examinations, and renal outcomes.

Results: Eighty-five patients (61.4 ± 19 years, 56 male) were evaluated.

Melanoma was the most prevalent diagnosis (51%), followed by non-small cell

lung cancer (30%). ICI treatment consisted of PD-1, PDL-1 (nivolumab,

pembrolizumab, atezolizumab), and CTLA-4 inhibitors (i) (ipilimumab) or

combination PD-1i+CTLA4i. Renal toxicity developed after a median of four

cycles of therapy. Fifty-one patients (65.5%) developed the most severe form of

AKI- stage 3, including five patients requiring dialysis. All the 19 patients treated

with dual ICI blockade developed AKI-stage 3, compared with 29 patients out of

the 60 receiving a single agent (p<0.001). Most events were managed with

corticosteroids associated with ICI withdrawal. In 15 patients ICI was restarted,

but in six (40%) AKI recurred. Overall, 32 patients (40%) presented a complete

renal recovery, which chance was inversely associated with dual ICI blockade

(OR 0.15, 95CI 0.03-0.7, p=0.01).

Conclusion: ICI-related ATIN may develop late after the therapy initiation,

presenting as severe AKI, particularly in patients with dual ICI blockade.

Although this complication may be partially reversible, concerns remain about

the renal function sequelae and the possibility of restarting ICI treatment.
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Introduction

The systemic treatment with immune checkpoint inhibitors

(ICIs) has revolutionized the management of multiple solid tumors,

including melanoma and non-small cell lung cancer (NSCLC) (1).

Notably, ICIs have been initially employed as single-agent regimens

in advanced tumors; however, their use has been progressively

extended to different settings, and novel combinations have

emerged, including combinations of ICI and chemotherapy or

combinations of multiple ICIs. Currently, the main immune

checkpoints of therapeutic interest are the Programmed Death

protein 1 (PD-1) and its ligand (PD-L1), as well as Cytotoxic T

Lymphocyte Antigen 4 (CTLA-4) (2).

This treatment is not completely free from potential adverse

events, which are strictly correlated with their mechanism of action

(3). Indeed, disrupting the physiologic inhibitory effect of immune

checkpoints might result in lymphocyte activation against multiple

normal sites; such toxicities, collectively defined as immune-related

adverse events (irAEs), may virtually involve any site, such as skin,

gastroenteric tract, lungs, or kidneys (4).

Acute kidney injury (AKI) is a relatively uncommon irAE, but it

has a relevant impact on involved patients (5). Indeed, AKI might

translate into long-term renal dysfunction that might result in

ineligibility to receive subsequent lines of treatment, such as

chemotherapy, with a potential negative impact on patients’

outcomes from an oncological perspective (6). Notably, while

clinical trials and published real-world data report immune-

related renal toxicities, in most cases such events are only

described as “creatinine increase” and renal biopsies are seldom

performed (7, 8). Ideally, a renal biopsy might provide relevant data,

both in terms of differential diagnosis and toxicity grading beyond

the simple creatinine value, with a potential role in prognostic

information (9). The most common histological finding in patients

with ICI-related AKI is acute tubulointerstitial nephritis (ATIN),

characterized by inflammation, infiltration of immune cells, and

tubular damage (10). However, AKI in cancer patients is a

multifaceted phenomenon that may recognize multiple causes, so

the etiological definition is fundamental to address a proper

clinical approach.

In this study, we reviewed case reports of biopsy-proven ATIN

in patients treated with ICIs, to describe the clinical and laboratory

characteristics and outcomes of this condition.
Methods

Search strategy, study selection, and
data extraction

A literature search was conducted on PubMed for eligible

studies published up to May 1, 2022, using the search terms

[(Pembrolizumab OR Nivolumab OR Ipil imumab OR

Atezolizumab OR Avelumab OR Durvalumab) AND (Nephritis)].

No filters were applied, and the text words could be in all fields of

the articles. Data were independently extracted by two investigators
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(A.B. and E.L.) who carefully and manually scanned all the articles

to identify cases of biopsy-proven ATIN A supervisor reviewed any

discrepancies (P.E.). A total of 139 articles were identified by the

search on PubMed, and 43 were eligible for analysis (7, 8, 11–51).

The selection process was performed in two steps. In the first step,

we analyzed articles, excluding those not presenting case reports/

case series, not in English or not involving checkpoint inhibitors.

Then, from this initial list, articles without renal biopsy, articles

reporting other renal alterations, and those with insufficient clinical

data were also excluded.

Of note, the list of papers excluded from the analysis also

comprised the multicenter study by Gupta el. 2021 which evaluated

more than 400 patients with ICI-related AKI (52). Indeed, although

this cohort included 151 patients undergoing kidney biopsy (89% of

them with ATIN), the authors did not provide detailed information

to discern and characterize the clinical presentation and course of

patients with biopsy-proven ATIN, with respect to patients with

AKI from other etiologies.

The final list of eligible articles included 111 patients.

After the first article selection, as a second step, we analyzed

individual patients, excluding 28 cases reporting only extra-renal

toxicity, other renal alterations than ATIN, or cases without renal

biopsy. Therefore, 83 patients were suitable for analysis, to whom

we added two patients from our institution (who gave written

informed consent to data collection), reaching a final number of 85

patients. (Supplementary Figure 1) The extracted data included

patient demographics, comorbidities, home therapy, histology

cancer, oncological therapy regimen, number of therapy cycles

before renal toxicity, results of renal biopsy (in addition to ATIN,

we recorded also the compresence of granulomas or acute tubular

necrosis), baseline serum creatinine (sCr) and slope, clinical

presentation (blood pressure, edema, hematuria), presence of

other checkpoint inhibitor-induced toxicities, urinary analysis,

ATIN treatment (dosage and duration), and decisions regarding

restarting or interrupting ICIs therapy.
Definitions

We defined and graded AKI according to the Kidney Disease:

Improving Global Outcomes (KDIGO) Clinical Practice Guideline,

based on changes in serum creatinine with respect to the pre-ICI

value considered as baseline (53). We defined each stage as stages 1,

2, and 3.

These correspond to a serum creatinine increase of 1.5 to 1.9

times from the baseline value or a serum creatinine peak ≥ 0.3 mg/

dL, 2 to 2.5 times, and 3 or more times their baseline creatinine or

newly required renal replacement therapy (RRT). Urine output was

not considered due to limited data availability.

Hematuria was defined as a red blood cell number of more than

three per high-power field, and nephrotic proteinuria as proteinuria

of more than 3.5 g/day. The outcome of toxicity was categorized

into three classes: complete renal recovery in absence of AKI criteria

(i.e., last serum creatinine < 1.5-fold baseline); no recovery if

patients needed RRT, and partial recovery if, at the last
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evaluation, patients were not on RRT but failed to meet the criteria

for complete renal recovery (54).

Finally, when present we consider the tumor radiological

response that was reported as: complete response, partial

response, and stable disease.
Statistical analysis

Descriptive and statistical analyses were performed on the

whole of our center’s cases and those extracted from the literature.

Quantitative variables were represented by mean ± standard

deviation (SD) or interquartile ranges (IQR) if they were not

normally distributed (Shapiro Test).

Group analyses for continuous variables were performed by using

the Student t-test or nonparametric Mann-Whitney test when

appropriate. Comparisons of proportions were made using Fisher’s

exact test. Univariate and multivariate logistic regression analysis was

used to investigate predictor factors on AKI severity and renal

function recovery.

The analyses were performed using Stata 13.1 (Stata Corporation,

College Station, Tex, United States) used for computation. A 2-sided P

value <0.05 was considered statistically significant.
Results

Patient characteristics

Eighty-five patients (56 males) with ICI-related biopsy-proven

ATIN were analyzed. The mean age was 61.4 ± 19 years, and the

most frequent comorbidities were hypertension (n=41), ischemic

heart disease/atrial fibrillation (n=12), diabetes mellitus (n=8), and

hypothyroidism (n=7). Forty-three patients (51%) had melanoma,

25 (30%) had non-small cell lung cancer (NSCLC), 8 had clear cell

renal cell carcinoma (CRCC), and 9 had other types of cancer. ICI

treatment consisted of PD-1 inhibitors nivolumab in 28 patients,

pembrolizumab in 21 patients, PDL-1 inhibitor (atezolizumab) in 2

patients, and CTLA4 inhibitor (ipilimumab) in 9 patients, while 19

patients were treated with dual ICI blockade, nivolumab

+ipilimumab. In six cases, the checkpoint inhibitor drug was not

specified (Table 1). Eleven patients in the whole group were

receiving chemotherapy combined with immunotherapy.
Clinical presentation and ICI-related
renal toxicity

The mean basal serum creatinine (available in 78 patients) was

0.8 ± 0.4 mg/dl.

Renal toxicity developed during the first line in 27 patients out

of the 49 for whom data were available (55%). Instead, data on

therapy cycles were present in 62 cases showing that AKI developed

after a median of four cycles of therapy, but in most cases (n=48,

77%) after at least three treatment cycles. Eleven patients (14%)

presented with AKI stage 1, 16 patients (20.5%) with stage 2, and 51
Frontiers in Oncology 03
patients (65.5%) with AKI stage 3, including five patients requiring

RRT. In 7 patients AKI stage was not reported, and it was not

possible to evaluate the stage due to the lack of data on basal serum

creatinine. Urinary sediment, available in 55 patients, showed: 36

patients with leukocyturia, 20 patients with hematuria, and 13

patients with casts. Five patients (9%) presented with nephrotic

range proteinuria, and ten patients (18%) had gross hematuria. Data

on the clinical presentation of renal toxicity were available for 41
TABLE 1 Clinical and laboratory characteristics of patients evaluated in
the pooled analysis.

N patients 85

Age, years 61.4 ± 19

Sex-m (%) 56 (65.9)

N (%)

Comorbidities, n 61

- Hypertension 41 (67)

- Heart disease 12 (19.6)

- Diabetes 8 (13)

Cancer, n 85

- Melanoma 43 (50.6)

- NSCLC 25 (29.4)

- CRCC 8 (9.4)

- Other 9 (10.6)

ICI drug, n 85

- Nivolumab single agent 28 (33)

- Pembrolizumab 21 (24.7)

- Atezolizumab 2 (2.3)

- Ipilimumab single agent 9 (10.5)

- Nivolumab+Ipilimumab 19 (22.5)

- Unspecified 6 (7)

Therapy line

- First line (n=49) 27 (55)

Therapy cycles at AKI, median (IQR) 4 (2.2-6.7)

Concomitant medications,

- PPIs (n=69) 42 (60.8)

- NSAIDs (n=65) 8 (12.3)

- RAASi (n=63) 12 (19)

Renal outcomes, n 80

- Complete recovery 32 (40)

- Partial recovery 45 (56.2)

- No recovery 3 (3.8)
fro
Percentages were expressed considering the data available for each parameter.
ICI, immune checkpoint inhibitors; NSCLC, non-small cell lung cancer; CRCC, clear cell renal
cell carcinoma; PPIs, proton pump inhibitors; NSAIDs, nonsteroidal anti-inflammatory
drugs; RAASi, renin-angiotensin-aldosterone system inhibitors.
ntiersin.org

https://doi.org/10.3389/fonc.2023.1221135
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Esposito et al. 10.3389/fonc.2023.1221135
patients, among them 7 presented with edema, 10 had fever, and 12

were hypertensive. AKI was accompanied by other ICI-related

toxicity in 37/74 patients (50%), including 11 cases of

autoimmune endocrinological disorders, 8 cases of skin toxicity,

and 5 cases of autoimmune hepatitis. Due to the study design,

kidney biopsy showed a histological picture of ATIN in all the

patients (Supplementary Figure 2). According to the report of

histological data, in 12 out of 61 patients (20%), interstitial

granulomas were described, while ATN was present in 10 out of

71 patients (14%). Comparing patients with the more severe form of

AKI (AKI 3) with those presenting milder renal dysfunction (AKI

1-2), we found no significant difference in patient demographic and

clinical characteristics, such as in histological findings (Table 2).

Among AKI 3 patients, there was a significantly higher

prevalence of patients at the first-line therapy (p=0.04). All the

patients treated with the dual ICI blockade developed stage 3 AKI
Frontiers in Oncology 04
(100%), compared with 29 out of the 60 patients (48%) taking a

single agent (p<0.001, Figure 1A).

Moreover, patients developing AKI stage 3 presented worse

renal outcomes in terms of a significantly higher number of patients

experiencing partial or no recovery of renal function.

Multivariate logistic regression analysis evaluating the risk of

developing AKI stage 3 showed that when combined ICI treatment

was considered in the analysis, other factors, such as age, sex, and

therapy line lost significance (Supplementary Table 1).
Treatment of ICI-related ATIN

Data on ATIN treatment were reported in 84 patients. Among

them, seventy-seven patients (91%) received immunosuppressive

treatment, while seven patients did not receive any specific therapy.
TABLE 2 Clinical and laboratory characteristics of patients with ICI-related ATIN according to the acute kidney injury severity.

AKI 1-2
(n=27)

AKI 3
(n=51)

p

N data available N data available

Age, years 27 56.9± 24.4 51 64.2± 15.3 0.6

Basal creatinine, mg/dl 27 0.97± 0.18 51 0.98± 0.4 0.4

Therapy course (n) 21 7.6 ± 7.5 44 6.8± 6.7 0.58

n (%) n (%)

Male 27 14 (51.9) 51 37 (72.5) 0.08

Hypertension 23 14 (56) 44 26 (59) 0.9

Diabetes 23 3 (15) 44 5 (11) 0.9

PD-1i+CTLA4i (n 19) 0 (0) 19 (100) <0.001

Single ICI agent (n 60) 31 (52) 29 (48)

Concomitant Chemotherapy 23 3 (13.0) 49 8 (16.3) 0.8

First therapy course 20 8 (40.0) 24 17 (70.8) 0.039

Histological findings

Granulomas 15 1 (6.7) 42 10 (23.8) 0.1

ATN 21 3 (14.3) 43 5 (11.6) 0.7

Concomitant medications

PPIs 27 17 (63) 42 24 (57.1) 0.5

NSAIDs 25 3 (12.0) 39 4 (10.3)

Other ICI-related toxicity 27 12 (44.4) 40 21 (52.5) 0.5

Renal outcomes 27 50

Complete recovery 15 (55.6) 15 (30) 0.04

Partial recovery 12 (44.4) 32 (64)

No recovery 0 (0) 3 (6)
fronti
ICI, immune checkpoint inhibitors; ATIN, acute tubulointerstitial nephritis; AKI, acute kidney injury; ATN, acute tubular necrosis; PD-1, programmed Death protein 1; CTLA-4, cytotoxic T
Lymphocyte Antigen 4; PPIs, proton pump inhibitors; NSAIDs, nonsteroidal anti-inflammatory drugs.
*In 7 patients AKI stage was not reported. Moreover, it was not possible to evaluate the stage due to the lack of data on basal serum creatinine.
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All the treated patients received corticosteroids at different

dosages, associated with mycophenolate mofetil in 5 patients and

Rituximab in 1 case.

Excluding one patient still taking MMF three years after the

onset of nivolumab-related toxicity, the mean duration of

immunosuppressive treatment was 68.3 ± 49.3 days.

ICI treatment was withdrawn in 65 out of 69 patients with available

data. Following renal function improvement, in 15 patients ICI therapy

was restarted, and in six patients (40%) AKI recurred.
Renal outcomes

Renal outcomes were reported in 80 patients. Overall, at the last

control (time ranging 7-1400 days after AKI diagnosis), 32 patients

(40%) presented a complete renal recovery, 45 patients (56.2%) had

a partial recovery, and 3 patients (3.8%) did not recover.

Complete renal recovery was observed only in 2 out of the 7

patients (28%) not treated with steroids, compared with 30 out of 77

treated patients (39%, p=ns).

Then, we found that among patients without complete

recovery, there was a higher prevalence of dual ICI therapy

and AKI stage 3 at the presentation (p=0.002 and 0.026,

respectively), with no significant difference in other clinical

characteristics (Table 3).
Frontiers in Oncology 05
Conversely, a significantly higher percentage of patients

taking a single ICI agent, 26 out of 60 (43%), had a complete

renal recovery when compared with patients taking dual therapy

(2 out of 19 (10%), p=0.01, Figure 1B). At univariate logistic

regression, complete renal recovery was inversely associated with

dual ICI blockade (OR 0.1, 95CI 0.02-0.5, p=0.006) and AKI 3

(OR 0.31, 95CI 0.1-0.9, p=0.04), but only the association with

dual ICI therapy remained significant at multivariate analysis

(Supplementary Table 2).

Finally, tumor radiological response was reported only in 33

cases, showing a complete response in seven patients (21.5%), a

partial response in 10 patients (30%) and stable disease in the

remaining 16 patients (48.5%).
Discussion

In this paper, we provide information about the risk profile,

clinical presentation, and management of AKI due to ATIN

occurring during ICIs. The rationale of this study moved from

the observation that most of the previous reports on AKI during

ICIs did not distinguish the various potential underlying causes, and

there is limited data on patients undergoing kidney biopsies. This

may be a relevant weakness since AKI in cancer patients may

recognize multiple causes, including irAEs, volume depletion,

obstructive nephropathy, hypercalcemia, and drug-related

nephrotoxicity (55).

So, for example, only a part (151/429- 35%) of the large cohort

of patients with ICI-related AKI, reported by Gupta et al.,

underwent kidney biopsy and, among them, almost 20% of the

patients presented other nephropathies than ATIN (52).

So, conceivably the authors analyzed a heterogenic population,

including an unknown number of patients without ATIN, which

may explain some discrepancies we found comparing their results

with our data. For example, Gupta et al. described a lower

percentage of patients with AKI stage 3 (48.5 vs. 65.5% of our

study). These differences may be at least in part influenced by

different populations analyzed, further highlighting that proper

discrimination of AKI etiologies is essential to define disease

course and may have important clinical implications.

This is why, we focused our attention on cases of biopsy-proven

ATIN, the most common histological presentation of renal irAEs

during ICIs. This analysis allowed us to make many considerations

that could help in guiding clinical decisions and future research.

First, we found that the timing of AKI development may be

noteworthy. Indeed, as partially already reported, we observed that

ATIN may develop also late in the history of cancer therapy, after

several therapy cycles (56).

So, caution and awareness for the development of renal toxicity

should be maintained throughout the whole course of therapy.

Notably, it seems that dual ICI blockade with combined anti-PD-1

and anti-CTLA-4 treatment is associated with a significant risk of

severe AKI and a reduced chance of renal recovery. This occurrence is

not unexpected, as it is known that dual blockade is associated with an

increased risk of irAEs compared to single-agent ICI (57). The potential

elevated harmful effects of combination therapy may also explain the
A

B

FIGURE 1

Prevalence of AKI stage 3 (A) and renal recovery (complete vs
partial/no recovery) (B) in patients on single or dual ICI blockade.
Fisher’s test. ICI, immune checkpoint inhibitors; AKI, acute kidney
injury. Six patients were not included in this analysis due to the lack
of data on specific ICI treatment prescribed.
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observation of an increased AKI severity in patients undergoing ICIs as

first-line therapy. Indeed, combinations are typically administered at

the first line, while patients treated in the second or further line usually

receive single-agent PD-1/PD-L1 inhibitors (58). However, due to the

limited number of cases, our data did not allow us to discriminate the

nephrotoxic effects of the different ICI classes (CTLA4, PD-1, and PD-

L1 inhibitors).

Almost all the patients included in this analysis were treated with

corticosteroids, so we cannot quantify the impact of this treatment on

the recovery of renal function in our cohort. However, as a matter of

fact, corticosteroids are the cornerstone therapy in cases of ATIN of

different etiologies (59). Moreover, general observations involving

irAEs and immune-related renal impairment during ICIs confirm

the effectiveness of corticosteroids (60). So, conceivably, a prompt

corticosteroid initiation at the onset of renal toxicity might be

instrumental to the resolution of the event, and this approach is not

generally considered to disrupt the anti-neoplastic activity of ICIs. On

the other hand, this is a fundamental point in favor of the renal biopsy.

Indeed, apart from ATIN, other structural renal alterations may be

found, which deserve different treatments and have various prognosis

(61). Moreover, renal biopsy may guide differential diagnosis even

when multiple drug-related nephrotoxicities are suspected (62) Finally,

renal biopsy is important also to provide information on irAE severity

and prognosis, which may assist in the following clinical management

of the patient, such as the decision on ICI rechallenging (63).

Notably, our suggestions are not completely in line with the

current recommendations from the American Society of Clinical
Frontiers in Oncology 06
Oncology (ASCO), which, although emphasizes the use of steroids

for the treatment of suspected ICI-related AKI, suggest performing

a kidney biopsy only in patients with severe AKI-stage 3 (64).

Indeed, for the reasons above exposed we think that a kidney

biopsy should be considered in almost all AKI patients fit for

the procedure.

Looking at renal outcomes, we observed that in many patients

renal recovery was not complete. This is an extremely relevant

observation because permanent renal dysfunction in the case of

patients with advanced cancer often results in further deterioration

of quality of life and possibly a reduction of survival due to the

worsened clinical condition and inability to receive further

antineoplastic treatments. On the other hand, patients with

potentially curable cancer could present the risk of developing

chronic kidney disease (65). Finally, a further observation

deserving of attention is the high recurrence rate of AKI after ICI

reuse, which may have possible relevant clinical implications.

Remarkably, even in the analysis of the renal outcomes, we

noticed significant differences in our patients when compared with

those studied by Gupta et al. (52) In particular, they found better

outcomes, with a higher rate of renal recovery and a lower rate of

recurrence. Also, in this case, these dissimilarities could have been

partially explained by the different populations evaluated, even if they

could have been conditioned by the limitation of our study. Indeed,

we are aware that the study has some weaknesses, mainly due to its

retrospective design and collection of pooled data from the literature.

So, although we sought uniform data collection and definitions, case
TABLE 3 Clinical and laboratory characteristics of patients with ICI-related ATIN according to the renal function recovery.

Complete recovery
(n=32)

Partial/no recovery
(n=48)

p

N data available N data available

Age (years) 32 59.2± 22.5 48 63.7± 16 0.7

Baseline creatinine, mg/dl 32 0.9 ± 0.3 48 0.8± 0.46 0.08

Therapy course (n) 27 4 (2-10) 39 5 (3-8) 0.8

n (%) n (%)

Male 32 21 (65.6) 48 33 (68.8) 0.8

Hypertension 25 20 (80) 35 21(60) 0.15

Diabetes 25 4 (16) 35 4 (11.5) 0.7

PD-1i+CTLA4i 30 2 (6.6) 44 17 (38) 0.002

Concomitant Chemotherapy 30 6 (20.0) 44 5 (11.4) 0.33

First therapy course 27 13 (48.1) 18 12 (27.3) 0.6

AKI stage 3 30 15 (50.0) 46 35 (76.0) 0.026

Other ICI-related toxicity 32 17 (53.1) 37 18 (48.6) 0.9

Proteinuria 22 16 (72.7) 34 19 (51.4 0.26

Hematuria 22 7 (31.8) 39 5 (13.9) 0.08

Corticosteroid treatment 32 30 (93.8) 47 42 (89.4) 0.7

Immunosuppression duration (days) 16 61.4 ± 52 14 76.2 ± 46 0.12
frontier
ICI, immune checkpoint inhibitors; ATIN, acute tubulointerstitial nephritis; AKI, acute kidney injury; PD-1, programmed Death protein 1; CTLA-4, cytotoxic T Lymphocyte Antigen 4.
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reports from different authors usually lack the consistency of

systematic data collection and may be biased from different

diagnostic and clinical approaches (66). Moreover, our data are not

representative of the general population of patients treated with ICIs,

since, in this study, we intended to study the specific condition of

ATIN. Furthermore, since there is a great heterogeneity in kidney

biopsy policy among different centers, it is not possible to rule out

that a selection bias occurred, mainly due to mild-moderate AKI

cases who did not undergo kidney biopsy.

Finally, due to the lack of a control group and complete clinical

and laboratory data, we could not evaluate the prevalence of other

known risk factors for AKI, such as concomitant medications,

hyperuricemia, and anemia, that may impact the susceptibility of

developing kidney damage (67).

Surely, the evaluation of AKI timing, adverse effects of dual ICI

blockade, and the long-term outcome of ATIN, such as the

establishment of standardized therapeutic approaches, need

prospective studies to be elucidated. Nevertheless, generating such

data might be difficult due to the need for focused analysis including

large cohorts of patients undergoing renal biopsy for AKI.
Conclusions

In conclusion, we found that ICI-related ATIN may develop at

any stage of therapy in patients treated with ICIs. It may present as a

severe form of AKI, particularly in patients with dual ICI blockade.

This condition appears partially reversible, but concerns remain

about the renal function sequelae and the possibility of restarting

treatment after AKI resolution due to the risk of recurrence. Thus,

we suggest that a simple but complete renal risk assessment should

be included in the workup of patients undergoing ICI therapy,

especially if a combined regimen is prescribed (68, 69). At the same

time, monitoring renal function should be warranted throughout

the whole course of immunotherapy, pointing out the fundamental

contribution of renal biopsy in proper clinical management.
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56. Draibe JB, Garcıá-Carro C, Martinez-Valenzuela L, Agraz I, Fulladosa X, Bolufer
M, et al. Acute tubulointerstitial nephritis induced by checkpoint inhibitors versus
classical acute tubulointerstitial nephritis: are they the same disease? Clin Kidney J
(2021) 14:884–90. doi: 10.1093/ckj/sfaa027

57. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al.
Combined nivolumab and ipilimumab or monotherapy in untreated melanoma. N Engl
J Med (2015) 373:23–34. doi: 10.1056/NEJMoa1504030

58. Reck M, Ciuleanu T-E, Cobo M, Schenker M, Zurawski B, Menezes J, et al. First-
line nivolumab plus ipilimumab with two cycles of chemotherapy versus chemotherapy
alone (four cycles) in advanced non-small-cell lung cancer: CheckMate 9LA 2-year
update. ESMO Open (2021) 6:100273. doi: 10.1016/j.esmoop.2021.100273

59. Perazella MA. Drug-induced acute kidney injury. Curr Opin Crit Care (2019)
25:550–7. doi: 10.1097/MCC.0000000000000653

60. Petrelli F, Signorelli D, Ghidini M, Ghidini A, Pizzutilo EG, Ruggieri L, et al.
Association of steroids use with survival in patients treated with immune checkpoint
inhibitors: A systematic review and meta-analysis. Cancers (Basel) (2020) 12:546.
doi: 10.3390/cancers12030546
frontiersin.org

https://doi.org/10.1177/17588359211047349
https://doi.org/10.1177/17588359211047349
https://doi.org/10.1053/j.ajkd.2016.02.057
https://doi.org/10.1007/s10637-014-0092-7
https://doi.org/10.1007/s10637-014-0092-7
https://doi.org/10.1093/ckj/sfw024
https://doi.org/10.1016/j.kint.2016.04.008
https://doi.org/10.1136/annrheumdis-2016-209595
https://doi.org/10.1038/bjc.2016.358
https://doi.org/10.1186/s40425-016-0205-2
https://doi.org/10.1186/s40425-017-0261-2
https://doi.org/10.1007/s13730-017-0269-y
https://doi.org/10.1186/s12882-018-0848-y
https://doi.org/10.2169/internalmedicine.0444-17
https://doi.org/10.1007/s10637-018-0596-7
https://doi.org/10.1080/2162402X.2018.1445952
https://doi.org/10.3390/medicina55050176
https://doi.org/10.3390/medicina55050176
https://doi.org/10.1155/2019/3614980
https://doi.org/10.1155/2019/3614980
https://doi.org/10.1177/1179547619853647
https://doi.org/10.1590/1806-9282.65.7.934
https://doi.org/10.1053/j.ajkd.2019.03.433
https://doi.org/10.1186/s40425-019-0727-5
https://doi.org/10.1097/CJI.0000000000000296
https://doi.org/10.1097/CJI.0000000000000296
https://doi.org/10.1007/s13730-019-00424-1
https://doi.org/10.2169/internalmedicine.3928-19
https://doi.org/10.2169/internalmedicine.4260-19
https://doi.org/10.2169/internalmedicine.4260-19
https://doi.org/10.1007/s13691-020-00418-2
https://doi.org/10.1634/theoncologist.2018-0764
https://doi.org/10.1016/j.nefro.2019.05.004
https://doi.org/10.1016/j.nefro.2019.05.004
https://doi.org/10.1097/MJT.0000000000001248
https://doi.org/10.1097/MJT.0b013e3182a32ddc
https://doi.org/10.1097/MJT.0b013e3182a32ddc
https://doi.org/10.7759/cureus.19726
https://doi.org/10.2169/internalmedicine.7115-21
https://doi.org/10.2169/internalmedicine.7115-21
https://doi.org/10.1159/000517502
https://doi.org/10.1136/jitc-2021-002879
https://doi.org/10.1136/jitc-2021-002879
https://doi.org/10.1007/s13730-021-00636-4
https://doi.org/10.4103/ijn.IJN_62_20
https://doi.org/10.7759/cureus.15358
https://doi.org/10.7759/cureus.15358
https://doi.org/10.1155/2021/6640154
https://doi.org/10.2217/imt-2020-0223
https://doi.org/10.1136/jitc-2020-001198
https://doi.org/10.1136/jitc-2020-001198
https://doi.org/10.1136/jitc-2021-003467
https://doi.org/10.1186/cc11454
https://doi.org/10.1007/s00134-017-4809-x
https://doi.org/10.1056/NEJMra1613984
https://doi.org/10.1093/ckj/sfaa027
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1016/j.esmoop.2021.100273
https://doi.org/10.1097/MCC.0000000000000653
https://doi.org/10.3390/cancers12030546
https://doi.org/10.3389/fonc.2023.1221135
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Esposito et al. 10.3389/fonc.2023.1221135
61. 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 (2021) 6:66–77. doi: 10.1016/j.ekir.2020.10.002

62. Perazella MA, Shirali AC. Immune checkpoint inhibitor nephrotoxicity: what do
we know and what should we do? Kidney Int (2020) 97:62–74. doi: 10.1016/
j.kint.2019.07.022

63. Seethapathy H, Herrmann SM, Sise ME. Immune checkpoint inhibitors and
kidney toxicity: advances in diagnosis and management. Kidney Med (2021) 3:1074–81.
doi: 10.1016/j.xkme.2021.08.008

64. Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil KJ, Caterino JM, et al.
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) 36(17):1714–68. doi: 10.1200/JCO.2017.77.6385

65. Bhatraju PK, Zelnick LR, Chinchilli VM, Moledina DG, Coca SG, Parikh CR,
et al. Association between early recovery of kidney function after acute kidney injury
Frontiers in Oncology 09
and long-term clinical outcomes. JAMA Netw Open (2020) 3:e202682. doi: 10.1001/
jamanetworkopen.2020.2682

66. Nissen T, Wynn R. The clinical case report: a review of its merits and limitations
(2014). Available at: http://www.biomedcentral.com/1756-0500/7/264.

67. Gérard AO, Barbosa S, Parassol N, Andreani M, Merino D, Cremoni M, et al.
Risk factors associated with immune checkpoint inhibitor–induced acute kidney injury
compared with other immune-related adverse events: a case–control study. Clin Kidney
J (2022) 15:1881–7. doi: 10.1093/ckj/sfac109

68. 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 (2021)
14:70–83. doi: 10.1093/ckj/sfaa127

69. Silver SA, Nadim MK, O’Donoghue DJ, Wilson FP, Kellum JA, Mehta RL, et al.
Community health care quality standards to prevent acute kidney injury
and its consequences. Am J Med (2020) 133:552–560.e3. doi: 10.1016/
j.amjmed.2019.10.038
frontiersin.org

https://doi.org/10.1016/j.ekir.2020.10.002
https://doi.org/10.1016/j.kint.2019.07.022
https://doi.org/10.1016/j.kint.2019.07.022
https://doi.org/10.1016/j.xkme.2021.08.008
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1001/jamanetworkopen.2020.2682
https://doi.org/10.1001/jamanetworkopen.2020.2682
http://www.biomedcentral.com/1756-0500/7/264
https://doi.org/10.1093/ckj/sfac109
https://doi.org/10.1093/ckj/sfaa127
https://doi.org/10.1016/j.amjmed.2019.10.038
https://doi.org/10.1016/j.amjmed.2019.10.038
https://doi.org/10.3389/fonc.2023.1221135
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Biopsy-proven acute tubulointerstitial nephritis in patients treated with immune checkpoint inhibitors: a pooled analysis of case reports
	Introduction
	Methods
	Search strategy, study selection, and data extraction
	Definitions
	Statistical analysis

	Results
	Patient characteristics
	Clinical presentation and ICI-related renal toxicity
	Treatment of ICI-related ATIN
	Renal outcomes

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


