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Introduction: Immune checkpoint inhibitors (ICIs) are increasingly used to treat cancers. Kidney immune-

related adverse events (IRAEs) are now well recognized, with the incidence of IRAEs ranging from 2% to

5%. Most of the initial data related to kidney IRAEs have focused on acute interstitial nephritis (AIN). There

are minimal data on the types and relative frequencies of glomerular diseases associated with ICIs, their

treatment, and outcomes.

Methods: We performed a systematic review and meta-analysis of all biopsy-proven published cases/

series of glomerular pathology associated with ICIs. We searched the MEDLINE, EMBASE, and Cochrane

databases from inception to February 2020. We abstracted patient-level data, including demographics,

cancer and ICI therapy details, and characteristics of kidney injury.

Results: After screening, 27 articles with 45 cases of biopsy-confirmed ICI-associated glomerular disease

were identified. Several lesion types were observed, with the most frequent being pauci-immune

glomerulonephritis (GN) and renal vasculitis (27%), podocytopathies (24%), and complement 3 GN

(C3GN; 11%). Concomitant AIN was reported in 41%. Most patients had ICIs discontinued (88%), and nearly

all received corticosteroid treatment (98%). Renal replacement therapy (RRT) was required in 25%. Most

patients had full (31%) or partial (42%) recovery from acute kidney injury (AKI), although 19% remained

dialysis-dependent, and approximately one-third died. Complete or partial remission of proteinuria was

achieved in 45% and 38%, respectively.

Conclusion: Multiple forms of ICI-associated glomerular disease have been described. Pauci-immune GN,

podocytopathies, and C3GN are the most frequently reported lesions. ICI-associated glomerular disease

may be associated with poor kidney and mortality outcomes. Oncologists and nephrologists must be

aware of glomerular pathologies associated with ICIs and consider obtaining a kidney biopsy specimen

when features atypical for AIN are present.
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CI therapies are now widely used in an increasing
number of cancer types.1 These agents are humanized
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cells (such as cytotoxic T-lymphocyte antigen 4 [CTLA-
4] and programmed cell death 1 [PD-1] and its ligand,
PD-L1).2 By blocking negative costimulatory path-
ways, ICI therapies allow T cells to remain activated,
thereby enhancing the antitumor immune response.
ICIs are now approved for use in melanoma, small cell
and non–small cell lung cancer, renal cell carcinoma,
and urothelial carcinoma, among others.3–8 However,
despite benefits with respect to progression-free and
overall survival, upregulation of the immune system
has been associated with a wide spectrum of systemic
IRAEs.9,10
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Kidney IRAEs are increasingly recognized,11–18 with
a reported incidence of 2% to 5% in clinical trial re-
cipients19; however, this proportion may be greater in
the real-world use of these agents.20 Most of the initial
data related to kidney IRAE has focused on AIN, which
is often responsive to treatment with steroids, as the
predominant kidney lesion associated with ICIs.19,21–27

As such, current American Society of Clinical Oncology
guidelines state that in patients with suspected kidney
IRAEs, “reflex kidney biopsy should be discouraged
until corticosteroid treatment has been attempted,”28

ostensibly because of the assumption that most pa-
tients will have AIN.

However, there is increasing recognition of the
possible association between glomerular disease and
ICIs, with reports describing both nephrotic and
nephritic presentations. Although these presentations
are relatively rare compared to AIN, much less is
known about their clinical features, implications on
cancer therapy, and outcomes—both oncologic and
renal.

We conducted a systematic review and meta-
analysis of reported cases of glomerular disease asso-
ciated with ICI therapy, with the objectives of
characterizing the clinical features, describing the
current management strategies, and estimating the
associated outcomes.

METHODS

This review was performed following the guidelines of
Meta-analysis of Observational Studies in Epidemi-
ology and reported using Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (see the Supplementary Material).29

Literature Sources and Search Strategy

We used a search strategy developed with a health
information specialist (T.K.), to search MEDLINE, the
Cochrane Central Registry of Controlled Trials, and
EMBASE from inception to February 2020 (Literature
Search Strategy reported in the Supplementary
Material).

Study Selection

We included all case reports, series, cohort studies, or
clinical trials that reported $1 patients who developed
a glomerular disease in association with receipt of any
ICI (including CTLA-4, PD-1, and PD-L1 pathway
agents). We excluded articles that did not report spe-
cific instances of glomerular disease (e.g., clinical trials
that reported IRAEs by organ system without further
details) or those that did not report new cases (e.g.,
review articles). Given the importance of kidney bi-
opsy specimens in confirming the presence and type of
Kidney International Reports (2021) 6, 66–77
glomerular disease, cases that did not include renal
pathology findings were excluded. Three nephrologists
(A.K., K.D.J., R.W.) scanned titles and abstracts for
initial selection. Selected articles were reviewed in full
by multiple reviewers (A.K., K.D.J., S.W., P.D., Z.H.,
K.H., R.W.), and independently assessed for eligibility
and causality by multiple reviewers (A.K., P.D.). Dis-
crepancies were resolved by consensus.
Causality Assessment and Assessment of

Quality and Bias

We used the World Health Organization–Uppsala
Monitoring Center causality assessment system to
assess the likelihood of a causal relationship between
ICI and glomerular disease for all eligible reports. The
World Health Organization–Uppsala Monitoring Center
causality assessment system is a validated and widely
accepted method of pharmacovigilance that uses pre-
specified criteria to categorize the causal link between a
drug and an adverse event into 1 of 6 discrete levels of
certainty (certain, probable/likely, possible, unlikely,
conditional/unclassified, and unassessable/unclassifi-
able).30 Quality assessment of the case reports and case
series was done using the tool developed by Murad
et al.31 The quality of the case-control and cohort
studies was assessed using the Newcastle-Ottawa
Scale.32
Data Abstraction

For each included study, we performed a standardized
patient-level data abstraction from each of the included
citations using prespecified parameters of interest: pa-
tient demographics, cancer diagnosis, ICI treatment
characteristics, laboratory data, glomerular disease–
related descriptors, immunosuppressive treatment,
and outcomes (for AKI, proteinuria, and mortality).
Published articles and supplementary materials were
reviewed for relevant data. Corresponding authors
were contacted to request data that were unavailable
from these sources.
Statistical Analyses

We reported descriptive statistics related to the pre-
specified parameters of interest. We expressed
continuous variables as the mean (standard deviation
[SD]) or median (25th–75th percentile), and categorical
variables as a percentage. Univariate logistic regres-
sion was used to assess for risk factors for a com-
posite endpoint of end-stage kidney disease (ESKD) or
death as an exploratory analysis. Analyses were
performed using SAS software (version 9.4; SAS
Institute, Cary, NC). P < 0.05 was considered statis-
tically significant.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram of search strategy results and screening.
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RESULTS

Search Results

The search strategy yielded a total of 742 citations from
MEDLINE (Ovid), the Cochrane Central Registry of
Controlled Trials (Ovid), and EMBASE (Ovid). Title and
abstract screening resulted in 36 articles subject to
detailed review. The 708 excluded citations comprised
nonrelevant citations, review articles, clinical trials
(those without reported glomerular lesions), and case
reports of AIN and other nonglomerular lesions. Eleven
citations were discrepant among title and abstract re-
viewers and these were resolved by consensus (via
teleconference).

After full review, 27 articles were retained for in-
clusion and abstraction of data (Figure 1, PRISMA di-
agram).19,20,33–55 From these articles, 45 patients with
ICI-associated, biopsy-confirmed glomerular disease
were identified (Supplementary Table S1). Most cases
met World Health Organization–Uppsala Monitoring
Center case causality criteria for the probable or certain
categories (80%, Supplementary Table S1). Quality
assessment of the case reports and case series showed
68
that most studies were of fair or good quality. The
observational studies by Cortazar et al.36 (case-control
study) and Seethapathy et al.20 (cohort study) were
determined to be of high quality (scored as >7;
Supplementary Table S2 and Supplementary Table S3).
Aggregate Data of Patients with ICI-Associated

Glomerular Disease

The median age of patients with glomerular disease
after ICI use was 63 years (IQR 56–72 years) and 75%
were male (Table 1). Various primary cancer sites were
represented, with melanoma (38%) and lung (24%)
being the most frequent. A majority (81%) of reported
cases were associated with PD-1/PD-L1 pathway
checkpoint inhibitor use.

Several types of glomerular lesions were observed,
with the most frequent being pauci-immune GN and
renal vasculitis (27%), minimal change disease (MCD;
20%), and C3 GN (11%; Table 2, Figure 2). Of note, to
our knowledge, all reported cases yielded by our
search represented newly diagnosed (i.e., de novo)
glomerular disease rather than flares of previously
Kidney International Reports (2021) 6, 66–77



Table 1. Characteristics of reported patients with glomerular
disease associated with immune checkpoint inhibitors (N ¼ 45)
Characteristic IQR or n (%)a

Age, yrs (IQR) 63 (55.8–72.3)

Sex, n (%)

Female 10 (25.0)

Male 30 (75.0)

Primary cancer site, n (%)

Lung cancer 10 (23.8)

Lymphoma 3 (7.1)

Melanoma 16 (38.1)

Renal cell carcinoma 6 (14.3)

Other cancers 7 (16.7)

Immunotherapy, n (%)

CTLA-4 agents 9 (21.4)

PD-1/PD-L1 agents 34 (81.0)

Ipilimumab 5 (11.9)

Nivolumab 15 (35.7)

Pembrolizumab 15 (35.7)

Tremelimumab 2 (4.8)

Combination: ipilimumab plus nivolumab 4 (9.5)

Other 1 (2.4)

Glomerular disease type, n (%)

Amyloid A amyloidosis 4 (8.9)

Anti-GBM 3 (6.7)

C3GN 5 (11.1)

FSGS 2 (4.4)

Immunoglobulin A nephropathy 4 (8.9)

Immune-complex GN 2 (4.4)

Lupus-like nephritis 1 (2.2)

Minimal change disease 9 (20.0)

Membranous nephropathy 1 (2.2)

Pauci-immune GN/renal vasculitis 12 (26.7)

Thrombotic microangiopathy 2 (4.4)

Glomerular disease characteristics

Time from therapy start to glomerular disease, days (IQR) 93 (43.5–212)

Baseline serum creatinine, mg/day (IQR) 0.95 (0.78–1.20)

Peak serum creatinine, mg/day (IQR) 3.4 (2.25–3.36)

RRT requirement during AKI, n (%) 10 (25)

Peak proteinuria, g/day (IQR) 8.25 (4.33–13.0)

Other IRAEs, n (%) 5 (16.1)

Associated tubulointerstitial nephritis, n (%) 17 (40.5)

Treatment characteristics

Immune checkpoint inhibitor discontinuation, n (%) 37 (88.1)

Corticosteroid use, n (%) 39 (97.5)

Corticosteroid taper duration, days (IQR) 90 (60–120)

Immune checkpoint inhibitor rechallenge, n (%) 4 (8.9)

Recurrence of glomerular disease after rechallenge, n (%) 2 (4.4)

Outcomes, n (%)

AKI outcome (n ¼ 36)

Full recovery 11 (30.6)

Partial recovery 15 (41.7)

No recovery (non-ESKD) 3 (8.3)

ESKD 7 (19.4)

Proteinuria outcome (n ¼ 29)

Complete remission 13 (44.8)

Partial remission 11 (37.9)

(Continued)

Table 1. (Continued) Characteristics of reported patients with
glomerular disease associated with immune checkpoint inhibitors
(N ¼ 45)
Characteristic IQR or n (%)a

No remission 5 (17.2)

Cancer outcome (n ¼ 32)

Stable/remission 16 (50.0)

Progression 5 (15.6)

Death 11 (34.4)

AKI, acute kidney injury; C3GN, complement 3 glomerulonephritis; CTLA-4, cytotoxic T-
lymphocyte antigen 4; ESKD, end-stage kidney disease; FSGS, focal segmental glo-
merulosclerosis; GBM, glomerular basement membrane; GN, glomerulonephritis; IgA,
immunoglobulin A; IQR, interquartile range; IRAEs, immune-related adverse events;
PD-1, programmed cell death 1; PD-L1, programmed cell death ligand 1; RRT, renal
replacement therapy.
aPercentages for each characteristic are calculated as a proportion of the number of
patients with data available.
Data are shown as median (IQR) for continuous variables and n (%).
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diagnosed disease. Time from ICI initiation to the
recognition of glomerular disease was variable, with a
median of 93 days (IQR 44–212 days). Most patients
Kidney International Reports (2021) 6, 66–77
had normal baseline kidney function (median serum
creatinine 0.95 mg/dl [0.78–1.2 mg/dL]). Peak serum
creatinine and proteinuria associated with glomerular
injury were 3.4 mg/dl (2.3–3.5 mg/dl) and 8.3 g/day
(4.3–13.0 g/day), respectively. Twenty-five percent of
patients received RRT during the AKI episode.
Concomitant AIN was reported among 41%. Nonste-
roidal anti-inflammatory drug use was noted in 5 pa-
tients (11%) and proton-pump inhibitor use was
reported in 9 patients (20%).

Most patients had ICIs discontinued (88%) and
nearly all received corticosteroid treatment (98%).
Most patients had either complete (31%) or partial
(42%) recovery from AKI. Complete or partial remis-
sion of proteinuria was achieved in 45% and 38% of
patients, respectively. The proportion with ESKD,
however, was substantial at 19%, and approximately
one third of all patients died.

Rechallenge was reported in only 4 patients, with 2
of these demonstrating recurrence of glomerular dis-
ease. These 4 patients included 2 with MCD (1 of whom
had recurrence upon rechallenge; the other had no
recurrence while maintained on prednisone 10 mg/
day), 1 with C3 GN (with recurrence upon rechallenge
despite a switch from pembrolizumab to nivolumab),
and 1 with renal vasculitis (who had progressed to
ESKD and had ICI switch from nivolumab/ipilimumab
to pembrolizumab).

Characteristics, Treatment Patterns, and

Outcomes of Specific Glomerular Lesions

Pauci-immune GN and renal vasculitis was the most
frequently reported type of glomerular lesion associ-
ated with ICI use (n ¼12, summarized in Table 3).
Median peak serum creatinine in these cases was 4.75
mg/dl (IQR 4.49–5.80 mg/dl), and 3 of 12 required RRT.
Antineutrophil cytoplasmic antibody (ANCA) serology
was positive in only 2 patients. All patients received
69



Table 2. Acute kidney injury characteristics and outcomes in 3 most
commonly reported immune checkpoint inhibitor–associated
glomerular diseases
Glomerular diseases IQR or n (%)a

Pauci-immune glomerulonephritis and renal vasculitis (n ¼ 12)

Peak SCr, mg/dl (IQR) 4.75 (4.49–5.80)

Time to glomerular disease diagnosis, days (IQR) 73 (53–102)

RRT requirement during AKI, n (%) 3 (33)

ANCA serology positivity, n (%) 2 (20)

Duration of post–biopsy procedure follow-up reported,
months (IQR)

5 (3.25–7.5)

AKI outcome, n (%)

Complete recovery 4 (40)

Partial recovery 5 (50)

No recovery/ESKD 1 (10)

Cancer outcome, n (%)

Stable/remission 4 (50)

Death 4 (50)

Podocytopathies (minimal change disease/FSGS; n ¼ 11)

Peak SCr, mg/dl (IQR) 0.99 (0.76–1.2)

Time to glomerular disease diagnosis, days (IQR) 52 (28–420)

RRT requirement during AKI, n (%) 2 (22)

Peak proteinuria, g/day (IQR) 10.3 (9.0–19.0)

Post-treatment proteinuria, g/day (IQR) 0.29 (0.05–1.97)

Duration of post–biopsy procedure follow-up reported,
months (IQR)

5.5 (4.0–10.25)

AKI outcome, n (%)

Complete recovery 2 (29)

Partial recovery 3 (43)

No recovery/ESKD 1 (14)

Cancer outcome, n (%)

Stable/remission 3 (37.5)

Progression/death 5 (62.5)

C3 glomerulonephritis (n ¼5)

Peak SCr, mg/dl (IQR) 3.13 (2.55–3.48)

Time to glomerular disease diagnosis, days (IQR) 58 (53–68)

RRT requirement during AKI, n (%) 0 (0)

Duration of post–biopsy procedure follow-up reported,
months (IQR)

4 (3.25–8.0)

Abnormal serum complement level(s), low C3, low C4 ¼ 1,
low C3, normal C4 ¼ 1, n (%)

2 (40)

AKI outcome, n (%)

Complete recovery 1 (25)

Partial recovery 3 (75)

No recovery/ESKD 0 (0)

Cancer outcome, n (%)

Stable/remission 2 (50)

Death 2 (50)

AKI, acute kidney injury; ANCA, antinuclear cytoplasmic antibody; ESKD, end-stage
kidney disease; FSGS, focal segmental glomerulosclerosis; IQR, interquartile range;
RRT, renal replacement therapy; SCr, serum creatinine.
aPercentages for each characteristic are calculated as a proportion of the number of
patients with data available.
Data are shown as median (IQR) for continuous variables and n (%).
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corticosteroid therapy and 4 received initial pulse ste-
roid treatment, with the remainder receiving predni-
sone 1 to 2 mg/kg/day. Rituximab was used in 4
patients, and 2 received cyclophosphamide. One pa-
tient progressed to ESKD, and death occurred in 4 of
the 8 patients with available mortality data (Table 3).

Podocytopathies, including MCD and focal
segmental glomerulosclerosis, were the next most
70
common lesions, with 11 published cases (Table 4).
These patients had relatively preserved renal function
but profound nephrotic-range proteinuria with median
10.3 g/day (IQR 9.0–19.0 g/day). Prednisone 1 to 2 mg/
kg/day was used predominantly, with only 1 patient
receiving pulse steroids. Complete or partial remission
of proteinuria was achieved in 8 patients, with a me-
dian post-treatment proteinuria of 0.29 g/day (IQR
0.05–1.97 g/d). One patient progressed to ESKD, and
5 patients had cancer progression or death.

There were 5 cases of C3GN (Table 2) with a median
peak serum creatinine 3.13 mg/dl (IQR 2.55–3.48 mg/
dl). Two cases had low serum complement values, and
4 received prednisone therapy (1 mg/kg/day), 1 patient
had complete recovery of AKI, and 3 had partial re-
covery. One patient (who had achieved partial recov-
ery) was rechallenged with recurrence of disease.

Because of the small number of total reported pa-
tients, the planned univariate logistic regression for
predictors of ESKD or death can only be considered an
exploratory analysis, and this did not demonstrate
significant associations (Supplementary Table S4).
DISCUSSION

ICIs have revolutionized the treatment of patients with
cancer in the last decade. In case reports and series, the
most common histopathologic finding in patients who
develop ICI-related AKI is AIN; however, acute tubular
injury has also been described in a significant number
of patients.56 Glomerular diseases with several different
pathologies have been reported sporadically in the last
few years. Our study is the first systematic review and
meta-analysis specifically looking at all published series
of glomerular pathology associated with ICI therapy
and their outcomes.

Both nephrotic and nephritic presentations were
associated with ICI therapy, with the most common
pathologic findings being acute pauci-immune GN/
vasculitis (27%), MCD (20%), and C3 GN (11%;
Figure 2). Of the 12 published cases of pauci-immuneGN,
ANCA serologies were positive in only 2 patients, sug-
gesting that most cases were ANCA-negative vasculitis.
Dialysis was required in 25% of the patients with
vasculitis with 1 patient progressing to ESKD. Treatment
of renal vasculitis is challenging, let alone in the setting
of ICI. All patients received steroids, although other
treatment modalities were variable. Mortality was high
in this group. In ICI-induced AIN, the use of proton-
pump inhibitors may be a risk factor20,36; however,
none typically associated with vasculitides (e.g., hy-
dralazine) were noted in these 12 patients.

Podocytopathies, including MCD and focal
segmental glomerulosclerosis, were the next most
Kidney International Reports (2021) 6, 66–77



Figure 2. The various nephrotic and nephritic syndromes associated with immunotherapy. AA, amyloid A; C3GN, complement 3 glomerulo-
nephritis; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; GN, glomerulonephritis; IgA, immunoglobulin A.
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common lesions, with 11 published cases. More than
60% of these cases achieved partial or complete
remission with drug discontinuation and corticosteroid
therapy. Interestingly, C3GN was the third most com-
mon disease finding, with most patients achieving
complete remission with steroids alone. This may
Table 3. Summary of published reports of pauci-immune glomerulonephri
therapy

Reference
Age,
yrs Sex Cancer site ICI(s) received

Baseline
SCr

(mg/dL)
Peak SCr
(mg/dL)

ANCA
serology

Heo et al.,39

2017
56 M Thymoma Pembrolizumab 0.78 4.49

RRT
Positive Met

Cho et al.,35

2018
NA NA Thymoma Pembrolizumab NA NA Positive

Gallan
et al.,37

2019

68 M Melanoma Nivolumab 1.2 1.7 NA

Gallan
et al.,37

2019

71 F Lung
adenocacrcinoma

Pembrolizumab 0.8 0.8 Negative Puls

Gallan
et al.,37

2019

75 F Non–small cell
lung carcinoma

Nivolumab 1.1 6.1 Negative

Gallan
et al.,37

2019

63 F Melanoma Nivolumab 0.9 8.9
RRT

Negative

Lemoine
et al.,46

2019

70 M Melanoma Ipilimumab 1.7 5.8 Negative Pred

Mamlouk
et al.,47

2019

41 M Squamous cell
lung carcinoma

Nivolumab 0.8 4.52 Negative

Mamlouk
et al.,47

2019

75 M Renal cell
carcinoma

Tremelimumab 1.8 4.75 NA

Mamlouk
et al.,47

2019

69 F Melanoma Ipilimumab
plus nivolumab

1.4 4.9 Negative

Cortazar
et al.,36

2020

41 M Squamous cell
lung carcinoma

Nivolumab NA NA Negative

Person
et al.,48

2020

55 M Melanoma Ipilimumab
plus nivolumab

1.2 1.7
RRT

Negative M

ANCA, antineutrophil cytoplasmic antibody; ESKD, end-stage kidney disease; F, female; ICI, imm
available; NOS, not otherwise specified; RRT, renal replacement therapy.
aIMCgp100 is an investigational drug that refocuses a T cell against the gp100 protein in uvea

Kidney International Reports (2021) 6, 66–77
suggest that in some patients with ICI-related glomer-
ular disease (in which the kidney IRAE may be
responsive to treatment), rechallenge with ICI can
potentially be considered if the cancer response has
been favorable and in the absence of other available
treatment options. Interestingly, immunoglobulin A
tis and renal vasculitis associated with immune checkpoint inhibitor

Initial corticosteroid
therapy

Other immunosuppressive
treatment

AKI
outcome

Cancer
outcome

hylprednisolone 500 mg IV daily � 3
d, then oral methylprednisolone

Cyclophosphamide Partial Stable

Corticosteroid, NOS Cyclophosphamide Partial Stable

NA NA NA Death

e steroid, then high-dose oral steroid None NA NA

Corticosteroid, NOS None Partial NA

Pulse steroid, then oral steroid IMCgp100a Complete NA

nisone 1 mg/kg �1 mo then tapered
over 4 wks

None Partial Death

Prednisone 1 mg/kg Rituximab (1 dose) Complete Death

Methylprednisolone 2 mg/kg Rituximab weekly �4 doses,
plasmapheresis daily

�5 sessions

Partial Stable

Prednisone 1 mg/kg Rituximab � 1 Complete Stable

Corticosteroid, NOS Rituximab Full Death

ethylprednisolone 200 mg IV daily MMF, infliximab (for colitis) ESKD NA

une checkpoint inhibitor; IV, intravenous; M, male; MMF, mycophenolate mofetil; NA, not

l melanoma cells.
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Table 4. Summary of published reports of podocytopathies (minimal change disease and focal segmental glomerulosclerosis) associated with immune checkpoint inhibitor therapy

Reference
Age,
yrs Sex Cancer site ICI(s) received

Baseline SCr,
mg/dl

Peak SCr,
mg/dl

Peak proteinuria,
g/day

Post-treatment
proteinuria, g/day

Initial corticosteroid
therapy

Corticosteroid
taper, days

AKI
outcome

Proteinuria
outcome

Cancer
outcome

Minimal change disease

Bickel et al.,34

2016
62 M Mesothelioma Pembrolizumab GFR 90 GFR 27 19 0 Prednisone 1 mg/kg 70 Full Remission NA

Kidd and
Gizaw,43 2016

55 M Melanoma Ipilimumab 1.2 5.2 9 NA Prednisone 2 mg/kg NA Full Remission Stable

Kitchlu et al.,45

2017
43 M Hodgkin lymphoma Pembrolizumab 0.76 3.93 10.3 3.1 Prednisone 2 mg/kg � 14 d, then

prednisone 1 mg/kg
180 Partial Partial Death

Kitchlu et al.,45

2017
45 M Melanoma Ipilimumab 0.68 0.8 9.5 0.39 Prednisone 1 mg/kg taper over 4 mo 120 NA Remission Death

Gao et al.,38

2018
40 M Hodgkin lymphoma SHR-1210

(anti-PD-1)
0.77 NA 30 0.18 Prednisone 1 mg/kg 56 NA Remission Stable

Izzedine et al.,41

2019
NA NA Melanoma Pembrolizumab NA NA 6 NA NA NA ESKD No

improvement
Death

Izzedine et al.,41

2019
NA NA Ileal

neuroendocrine
tumor

Pembrolizumab NA 1.65 3.5 NA NA NA No
improvement

NA NA

Saito et al.,52

2019
79 M Lung

adenocarcinoma
Pembrolizumab NA NA 13.8 0 Prednisone 40 mg/d � 2 weeks, then 10

mg/d
56 NA Remission Stable

Cortazar et al.,36

2020
NA NA NA NA NA NA NA NA NA NA NA NA NA

Focal segmental glomerulosclerosis

Daanen et al.,53

2017
62 M Renal cell

carcinoma
Nivolumab 1.2 4.8 22 2.5 Methylprednisolone 1 g � 3 d, then 60

mg/d
NA Partial Partial Death

Mamlouk et al.,47

2019
74 M Renal cell

carcinoma
Nivolumab 1.6 2.73 UPC 0.38 NA Prednisone 0.8 mg/kg NA Partial Partial Progression

AKI, acute kidney injury; ESKD, end-stage kidney disease; GFR, glomerular filtration rate; ICI, immune checkpoint inhibitor; M, male; NA, not available; PD-1, programmed cell death 1; SCr, serum creatinine; UPC, urine protein creatinine ratio.
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nephropathy and amyloid A amyloidosis have also
been associated with ICI therapy, with the latter
resulting in poor outcomes among these reported cases.
Additional data are needed to determine whether ICI
rechallenge may be associated with a greater risk in
these glomerular pathologies (along with pauci-immune
GN and renal vasculitis).

Initial reports suggested that anti–CTLA-4 agents
may be more likely to cause glomerular diseases than
PD-1/PD L1 inhibitors.19,43,45,57 Based on our analysis,
there appears to be no such distinction. In fact, in the
last few years, more glomerular diseases have been
associated with PD-1/PD L-1 inhibitor therapy than
CTLA-4 inhibitor therapies. Men seem to predominate
over women in our analysis. This may be related to the
increased prevalence of some skin cancers in males.58,59

ICI-associated AIN usually occurs 12 to 14 weeks
after ICI initiation.36 Importantly AKI can develop
earlier (especially when CTLA-4 and PD-1 signaling
blockade are combined) or later (even after several
months to over a year after ICI treatment discontinua-
tion).60 The median time to initiation of ICI to diagnosis
of glomerular disease was 3 months. Glomerular disease
occurred as late as 7 months into the ICI therapy, and
in a few cases, even months after it had been dis-
continued. This may be related to delayed recognition
of glomerular disease relative to AIN. While the latter
would be noted via routine serum creatinine testing
with each cycle of ICI therapy, glomerular disease may
only be recognized once symptoms manifest (i.e.,
edema, worsening hypertension, and foamy urine) or
when serum creatinine increases substantially. The
variety of glomerular pathologies noted in this review
(particularly with frequent instances of podocytop-
athy) suggests that urinalysis and quantitative
measures of proteinuria (e.g., urine albumin-/protein-
to-creatinine ratios) may be beneficial before ICI initi-
ation and as part of monitoring in select patients. In the
various types of glomerular pathology observed, the
severity of AKI varied, but most of the cases described
were Kidney Disease: Improving Global Outcomes
(KDIGO) AKI stages 2 and 3 at the time of diagnosis.
Concomitant AIN was frequent (41%) in the cases re-
ported, suggesting that AKI may be mediated both by
glomerular injury as well and tubulointerstitial dam-
age. Most patients with glomerular diseases had good
baseline kidney function (with median serum creati-
nine 0.95 mg/dl). However, this may in part be related
to the exclusion of patients with chronic kidney disease
from trials involving novel cancer therapies.61 As ICI
therapy becomes more widespread in real-world pop-
ulations, patients with chronic kidney disease (and
even those with pre-existing glomerular disease) may
be at risk for poor outcomes.
Kidney International Reports (2021) 6, 66–77
The management of ICI-associated AIN includes
intravenous or oral corticosteroids in addition to
holding ICI therapy (and proton-pump inhibitor or
other AIN-associated concomitant treatments). Stan-
dard steroid dosing of prednisone 0.8 to 1 mg/kg/day
(or equivalent), with a maximum dose of 60 to 80
mg/day for stage 1 or 2 AKI has been shown to
provide good renal response.28,36 The addition of
intravenous steroids for 2 to 3 days before oral ste-
roids has been noted in patients with stage 3 AKI
who need dialysis. Eight to 12 weeks of steroid taper
is often required to adequately treat and prevent
relapse. In the reported cases of ICI-associated
glomerular diseases, most patients had ICI dis-
continued (88%) and nearly all received corticoste-
roid treatment (98%). Most patients had either
complete (31%) or partial (42%) recovery from AKI,
although the incidence of ESKD was greater (19%)
when compared with published data from ICI-
induced AIN cases (9% in the largest series). Corta-
zar et al.36 showed in the largest series of ICI-induced
AIN that failure to improve renal function had a
higher mortality. In our analysis, >30% of the pa-
tients died either of cancer progression or worsening
of kidney function. The high rate of ESKD and death
may reflect the complex nature of treating a rare
glomerular disease and cancer at the same time.

ICIs may be the only therapeutic option available to
effectively treat and maintain tumor remission in
certain cancers. A key concern is the safety of ICI
rechallenge after an episode of AKI, particularly those
with stage 2 or 3 AKI. Cortazar et al.36 rechallenged 31
patients with the same ICI with 40% receiving
concomitant corticosteroids at the time of rechallenge.
Recurrence of ICI-associated AKI occurred in 23% of
rechallenged patients, with a shorter latency period
between the initial AKI episode and the rechallenge.
Importantly, all but 1 patient had complete or partial
recovery of kidney function after rechallenge. Simi-
larly, Manohar et al.62 described 4 patients who un-
derwent rechallenge after removing AIN-associated
drugs in 3 of the 4 patients. Rechallenge was done
along with a low dose of corticosteroid therapy (pred-
nisone 10-20 mg/day) in 3 of 4 patients.

In glomerular diseases, rechallenge may not be as
simple. In our analysis of the cases, rechallenge was
reported in only 4 patients, with 2 of these demon-
strating recurrence of glomerular disease. The rechal-
lenge approach used in ICI-associated AIN may not be
applicable in cases of systemic vasculitis and other
severe nephritic syndromes (particularly those in
whom remission was not achieved), but may be safer to
do in cases of nephrotic syndromes with MCD and focal
segmental glomerulosclerosis. Given the small number
73
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of cases in total, we cannot make any specific recom-
mendations of ICI rechallenge in patients with ICI-
induced GNs. An individualized approach might be
preferred.

Another important topic that has been debated is the
need for obtaining a kidney biopsy specimen for ICI-
associated kidney injuries.63–65 The American Society
of Clinical Oncology and the National Comprehensive
Cancer Network guidelines recommend the following:
if an alternative cause of AKI is not identified, clini-
cians should proceed directly with immunosuppressive
therapy without a kidney biopsy specimen unless a
moderate/severe life-threatening renal IRAE (defined as
Common Terminology Criteria for Adverse Events
Grade $2–3 is present).28,66 In the largest multicenter
series by Cortazar et al.,36 a kidney biopsy specimen
was obtained in only 43% of patients. Perhaps not
unexpectedly, there were only 4 reported glomerular
disease cases within this study. Given that glomerular
diseases might be present in certain cases (with or
without concomitant AIN), obtaining a kidney biopsy
specimen may be indicated in many more cases. This
may be particularly important in patients with signif-
icant or new-onset proteinuria, urinary sediment
atypical for AIN, and those who do not respond to
typical AIN corticosteroid dosing. Given the rise in the
number of glomerular lesions reported with ICI ther-
apy, a prompt nephrology evaluation and obtaining a
kidney biopsy specimen may be prudent in many of
these patients.

In our exploratory logistic regression analyses of
possible predictors of ESKD and death, we did not find
statistically significant associations, despite the inclu-
sion of variables that ostensibly would be associated
with this outcome (e.g., peak creatinine and protein-
uria). This is likely because of the small numbers
within our pooled cases (i.e., 15 patients of 45 reaching
the composite endpoint of ESKD or death) and the lack
of sufficient statistical power to detect associations.
However, it is also possible that cancer-specific vari-
ables would be more likely to predict disease pro-
gression and death, particularly as even patients with
severe AKI and high-grade proteinuria had resolution
of these issues after ICI cessation and corticosteroid
therapy. Similarly, additional data are needed to clarify
the potential association between drugs such as
nonsteroidal anti-inflammatory drugs and proton-
pump inhibitors (which have been implicated in ICI-
related AIN)20,36 and ICI-related glomerular disease.

The pathophysiology linking ICI use and these
multiple forms of glomerular pathology remains un-
clear. One may speculate that derangements in T cell
activity may lead to inflammatory processes that may
underlie certain glomerular diseases. For example, T
74
cell overactivity is associated with the propagation of
the inflammatory response in ANCA-associated GN and
vasculitis. In the pathogenesis of ANCA-associated
vasculitis, CD8þ T cells, which express the CTLA-4
receptor, may activate polymorphonuclear cells. Poly-
morphonuclear cell activation leads to the exposure of
proteinase-3 and myeloperoxidase antigens on the
surface of the polymorphonuclear cells; these antigens
may then react with ANCA.67 Interestingly, we
observed that only 2 of 12 reported patients had ANCA
positivity. We may speculate that one possible reason
is that the available assays may not detect certain epi-
topes to which pathogenic ANCA reacts68; however,
further research is needed to elucidate this. Similarly, it
is remains unclear why cases of C3GN were prominent
in our findings. We may conjecture that ICIs may
induce autoantibodies similar to C3 and C5 nephritic
factors. Also, it has been shown that PD-L1 blockade
causes a significant amount of C5a production, which
could conceivably lead to glomerular inflammation.69

Of note, in the small number of reported patients
with C3GN, 4 responded to steroids (which is atypical
of most other forms of C3GN). Steroids and immuno-
suppressive therapy may possibly decrease the gener-
ation of C3a and C5a by inhibiting the production of
autoantibodies.70 In these patients, it is possible that
stopping the ICI and administering steroids halted
autoantibody production and the fixing of comple-
ment. At present, this remains entirely speculative and
additional research into the mechanisms by which ICIs
mediate glomerular disease may provide insight into
the pathogeneses of these conditions, which remain
poorly understood.

This is the first study to analyze all published cases
and case series of glomerular pathology associated with
ICI therapy. Strengths include the use of a compre-
hensive search strategy, based on PRISMA recom-
mendations. We also limited cases to peer-reviewed
publications with a reported kidney biopsy specimen,
allowing us to include cases in which glomerular injury
was convincingly attributable to ICI therapy. We were
able to include all reported forms of glomerular pa-
thology and to comment on treatment strategies and
outcomes. Given that biopsy specimens for kidney
IRAE are infrequently obtained, even with numerous
participating sites, cohort studies or even large case
series of ICI-associated glomerular disease may not be
feasible in the near future. As such, pooling available
case reports and series is likely a necessary approach to
obtaining a reasonable number of cases from which to
draw conclusions.

This review does, however, have important limita-
tions. First, as our review includes only reported cases
of glomerular disease with ICIs; we are unable to make
Kidney International Reports (2021) 6, 66–77
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any specific estimates as to the overall (or lesion-
specific) incidence among patients receiving ICIs.
Moreover, given the variability in glomerular diseases,
case presentations, treatment approaches, and out-
comes, conclusions may be difficult to generalize. To
this end, we attempted to group cases of the most
commonly reported disease types. Given that the
disease-specific numbers were quite small, our ability
to comment on therapeutic strategies and outcomes is
limited. For the same reasons, our exploratory analyses
to assess predictors of ESKD/death were restricted to
univariate analyses, and likely had limited ability to
detect associations. Also, while we presume that the
included glomerular disease cases purported to be
associated with ICI use (based on time-course and dis-
ease presentation) are true kidney IRAEs, it is possible
that some cases simply revealed coexisting glomerular
disease or disease related to malignancy itself. Lastly,
missing data, and nonuniform reporting of case de-
scriptors, pathologic findings, and outcomes may also
have reduced our ability to assess risk factors and es-
timate outcomes.

In conclusion, myriad forms of glomerular disease
have been reported in association with ICI therapy and
these pathologies may present distinctly from the more
frequently observed AIN-type of immune-mediated
nephrotoxicity. Pauci-immune GN/renal vasculitis,
podocytopathies, and C3GN appear to be the most
frequently reported types of glomerular lesions.
Glomerular disease associated with ICI use portends
poor kidney and cancer outcomes in many cases. On-
cologists and nephrologists must be aware of the po-
tential for glomerular injury associated with these
agents and consider the judicious use of obtaining a
kidney biopsy specimen when clinically indicated.
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