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OUTLINE

1. Diagnosis of immunotherapy-induced AIN (ICI-AIN)

2. Existing and novel biomarkers of ICI-AIN

3. Treatment of ICI-AIN



Immune-related 
adverse events

• Affects >85% of patients 
receiving ICIs

• The most common toxicities 
occur at barrier sites, including 
the gastrointestinal mucosa, liver, 
skin, and lungs

Postow et al. NEJM. 2018



Over one-third of patients with cancer qualify for an ICI
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Overall AKI vs. ICI-AKI

Dehydration / Pre-renal azotemia

Septic/ischemic ATN

Nephrotoxic ATN

Urinary obstruction

AIN 

- 2-3% w PD1 monotherapy

- 5% with CTLA4/PD1 combo

- 1% with PDL1 – atezo, durva, 

avelumab



Typical presentation of ICI-AIN

• Mean 3-4 months after starting ICIs, but 
can be as early as 2-3 weeks

• Approximately half have concurrent 
immune related adverse events 

• Nonspecific urinary findings
  ~25%-40% lack pyuria

Gupta and Leaf. JITC 2021       
 



Does the patient need a kidney biopsy?

x

Factors favoring empiric treatment
- Looks like AIN

- No significant proteinuria or low grad 
tubular proteinuria

- WBC casts/leukocyturia
- Taking other AIN meds (PPI, NSAIDS, abx)
- No other hemodynamic disturbances
- High risk biopsy (anticoagulation, single kidney, 

patient frailty)

Factors favoring kidney biopsy
- Clinical syndrome suggests an alternative cause

- Hematuria
- Proteinuria > 1 gram
- +Anca or other serology

- Receiving other nephrotoxic chemotherapies
- Platin, pemetrexed, VEGF/TKIs

- Cancer-related factors: Newly starting therapy, 
melanoma



Trends: Combination Therapy, Earlier Stage of Disease
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Tale of two cases

• 71 yo male with presenting 4 weeks after 
cycle 1 of pembrolizumab for metastatic 
melanoma 

• Scans showed progressive disease

• Scheduled for ipi/nivo but on arrival had 
creatinine 1.1 -- > 2.1mg/dL, hypotensive 
(SBP 90s), metabolic disarray, LFT 
abnormalities, and neutropenia.

• Hydrated but creatinine continued to rise

• UA: 20-50 WBCs 

• Renal consult: “WBC casts. Start 
prednisone”

• 74 yo female presenting 3 weeks after 
cycle 1 of pemetrexed/carboplatinum/ 
pembrolizumab presenting with rise in 
creatinine from 1.5 → 3.0mg/dL in the 
setting of diarrhea and poor PO intake.

• Other PMH: CKD baseline creatinine 1.5 
with DM and HTN 

• UA: Bland < 10 WBC

• No other manifestations of irAEs. 
Creatinine rose to 5.0mg/dL and she 
underwent kidney biopsy
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• 71 yo male with presenting 4 weeks 
after cycle 1 of pembrolizumab for 
metastatic melanoma 

• Scans showed progressive disease
• Scheduled for ipi/nivo but on arrival 

had creatinine 1.1 -- > 2.1mg/dL, 
hypotensive (SBP 90s), metabolic 
disarray, LFT abnormalities, and 
neutropenia.

• Hydrated but creatinine continued to 
rise

• UA: 20-50 WBCs 
• Renal consult: WBC casts.   Start 

prednisone

• 74 yo female presenting 3 weeks after 
cycle 1 of 
pemetrexed/carboplatinum/pembrolizu
mab presenting with rise in creatinine 
from 1.5 → 3.0mg/dL in the setting of 
diarrhea and poor PO intake.

• Other PMH: CKD baseline creatinine 1.5 
with DM and HTN 

• UA: Bland < 10 WBC

• No other manifestations of irAEs. 
Creatinine rose to 5.0mg/dL and she 
underwent kidney biopsy



Need for non-invasive diagnosis



Urinalysis findings in ICPi –AIN are non-specific

Cortazaar JASN 2020

~50% with leukocyte esterase

70% with ≤1+ proteinuria 50% with pyuria

A B

C D

~40% with hematuria



WBC casts have low sensitivity for AIN diagnosis 
and unknown specificity

Microscopy Finding N=21 %

White blood cells 12 57.1%

White blood cell casts 3 14.3%

Red Blood cells 10 47.6%

RTE cells 3 14.3%

RTE casts 3 14.3%

Granular casts 13 61.9%

Hyaline casts 18 85.7%

At least 1 of these 20 95.2%

Fogazzi AJKD 2012 

WBC casts are rare in AIN

Similar WBC cast rate from Muriithi et al (4%)
Caveat: patients with WBC casts may receive presumptive AIN diagnosis and not undergo a biopsy



Can clinically available biomarkers identify AIN

Isik and Herrmann. KIR. 2021

• 37 patients with ICI-AKI and 
13 non-ICI-AKI controls (at 
least stage 1 AKI)

• 34 received steroids



Goal: Find non-invasive biomarkers of ICI-AIN

Targeted vs. Untargeted approaches
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Targeted vs. Untargeted approaches



Targeted Approach

Dr. Jocelyn Farmer

“Test markers of congenital 
CTLA4 deficiency”
CTLA4 deficiency is a rare inborn error of immunity due to 
germline loss-of-function mutations in CTLA4 or its 
regulators (eg, LRBA and DEF6). CTLA4 deficiency causes 
constitutive and pathologic T cell that drives end-organ 
autoinflammatory disease



Sise et al. J Immunother Cancer. 2023 



Serum sIL2R is elevated in ICI-AIN

Quest (reference range 532-1891 pg/mL) 

ARUP laboratories (reference range 175.3-858.2 pg/mL) Sise et al. J Immunother Cancer. 2023 



Sise et al. J Immunother Cancer. 2023 



IL2R-alpha gene expression is elevated in ICI-AIN 
kidney biopsy tissue

Dr. Bob Colvin

Dr. Ivy Rosales

Dr. Neal SmithSise et al. J Immunother Cancer. 2023 



Soluble IL2R after steroids may predict response

Sise, unpublished data



Sise et al. J Immunother Cancer. 2023 

Low circulating total and CD8+ T cells



Sise et al. J Immunother Cancer. 2023 

Low circulating naïve CD8+ T cells



Sise et al. J Immunother Cancer. 2023 

B cell dysregulation - low or high B cells



One quarter of patients demonstrated plasmablast expansion (defined by CD19+CD20-

CD27+CD38+ ) consistent with B cell activation in peripheral blood plasmablasts

Sise et al. J Immunother Cancer. 2023 

B cell dysregulation - Plasmablast expansion



Sise et al. J Immunother Cancer. 2023 

Low circulating memory B cells



Sise et al. J Immunother Cancer. 2023 



Urine 
CXCL9 

identified in 
an 

untargeted 
approach

Moledina D. J Clin Invest. 2023.



Gupta, Mistry, Moledina, and Sise, Kidney Int, 2025





Gupta, Mistry, Moledina, and Sise, Kidney Int, 2025



Volcano plot – differential expression/abundanc of IFN-gamma stimulated 

chemokines as most differentially  (CXCL9, CXCL10, and CXCL11) in AIN vs. controls



CXCL9 by immunoassay



Research goals for diagnosing ICI-AIN

1. Step 1: Find disease biomarkers of ICI-
AIN to limit the need for biopsy

2. Step 2: Work together to validate these 
prospectively

Yale: Dennis Moledina JHU: Chirag Parikh MGB: Shruti



Management



Management

• Withhold immune checkpoint inhibitor

• Stop all other meds that could provoke AIN
• PPI to H2 blocker

• Stop/switch antibiotics 

• Ask about NSAIDS

• High dose steroids, 1mg/kg per day prednisone equivalent Consider 
intravenous methylprednisolone if creatinine > 4 mg/dL, hospitalized, or 
needing RRT

• Begin steroid taper once creatinine is < 1.5 times baseline

• If using prolonged steroids – avoid trimethoprim/sulfamethoxazole and ppi

Gupta and Leaf. JITC 2021       
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Risk factors – other AIN meds

Seethapathy and Sise CJASN 2019       Cortazar and Leaf. JASN 2020   
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Rapid Taper Protocol

• Begin prednisone 1mg/kg/day (In hospitalized patients, consider 1-3 days of 
intravenous methylprednisolone)

• Repeat creatinine in 5-7 days

• Provided creatinine is improving by ≥25% then rapidly taper prednisone 40mg x 3 days, 
30mg x 3 days, 20mg x 3 days, 10mg daily.

• Repeat creatinine every 7 days and continue taper as long as creatinine continues to 
decline. If the creatinine rises, restart 60mg day and taper over 4-6 weeks.

Lee and Sise. JITC. 2021



Renal 
Recovery

Lee and Sise. JITC. 2021



Multicenter 
validation

Gupta… Sise… Leaf. JITC. 2022

David Leaf, MDShruti Gupta, MD



No 
difference in 

recovery

Gupta… Sise… Leaf. JITC. 2022



No 
difference in 
AKI relapse

Gupta, Sise, Leaf. JITC. 2022



Infliximab* for 
relapsing or 

difficult to treat 
ICI-AKI

*off label

Other off label 
options: MMF, 

ruxolitinib

Lin and Abudayyeh. Oncoimmunology. 2021







NCT07683975

Sise, Gupta, Leaf       
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ICI Rechallenge after AKI

Cortazar and Leaf, JASN, 2020          Gupta and Leaf, JITC, 2021 
       

121 of the 429 patients (28.2%) with ICI-AKI 
were rechallenged

~2mo after AKI

20 (16.5%) developed recurrent ICI-AKI

31 of the 138 patients (22%) with ICI-AKI 
were rechallenged

~2mo after AKI

7 (23%) developed recurrent ICI-AKI



Considerations for speed of steroid taper and ICI 
rechallenge

x

Factors favoring quick taper and ICI 
rechallenge
- No other severe irAEs (myocarditis, myositis, pneumonitis, 

hepatitis, neurologic irAE)
- AKI recovers quickly with steroids
- Other AIN-triggers can be discontinued
- AIN > Other immune-mediated glomerulonephritis
- Newly starting therapy
- Melanoma and ICI sensitive tumors (microsatellite unstable)

Johnson and Sise. JACI. 2020

Patient preference

Factors favoring longer steroid course 
and avoiding ICI rechallenge
- AKI slowly recovering
- Adjuvant therapy with long expected life expectancy



Trends: Combination Therapy, Earlier Stage of Disease
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Thank you!
Email questions to msise@mgb.org  

Sise Lab:
Daiana Moreno

Sherley Mejia

Andrew Cao

Anna Kirkpatrick

Ian Strohbehn

Tianqi Ouyang, MPH

Jenna Gustafson, MS

Kavita Mistry, MD, PhD

Leyre Zubiri, MD

Si Yuan Khor, MD

Jiaxuan Lyu, MD

Harish Seethapathy, MD

Sophia Zhao, MD, PhD

David Leaf, MD

Shruti Gupta, MD

Dennis Moledina, MD
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