
NEPHROLOGY ROUNDS
1534
Immune Checkpoint Therapy–Induced

Lupus Nephritis
Imran Humza Hanif1, Saifudeen Abdelrahim2, Majd Al Shaarani3, Huifang Lu4,

Raisa Ahmad5, Sangeeta Goswami5,6,7 and Ala Abudayyeh1

1Section of Nephrology, Division of Internal Medicine, The University of Texas MD Anderson Cancer Center, Houston, Texas,

USA; 2Houston Methodist Hospital, Houston, Texas, USA; 3Department of Pathology and Laboratory Medicine, The University

of Texas Health Science Center McGovern Medical School, Houston, Texas, USA; 4Section of Rheumatology and Clinical

Immunology, Department of General Internal Medicine, The University of Texas MD Anderson Cancer Center, Houston, Texas,

USA; 5Department of Genitourinary Medical Oncology, The University of Texas MD Anderson Cancer Center, Houston, Texas,

USA; 6Department of Immunology, The University of Texas MD Anderson Cancer Center, Houston, Texas, USA; and 7James P.

Allison Institute, The University of Texas MD Anderson Cancer Center, Houston, Texas, USA

Correspondence: Ala Abudayyeh, Section of Nephrology, Division of Internal Medicine, The University of Texas MD Anderson

Cancer Center, 1515 Holcombe Blvd, Unit 1468, Houston, Texas 77030, USA. E-mail: aabudayyeh@mdanderson.org

Received 21 December 2023; revised 1 February 2024; accepted 12 February 2024; published online 16 February 2024

Kidney Int Rep (2024) 9, 1534–1537; https://doi.org/10.1016/j.ekir.2024.02.1396

ª 2024 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

I
mmune checkpoint therapy (ICT), an emerging
transformative cancer treatment, targets inhibitory

proteins in the immune system, such as programmed
cell death protein 1 (PD-1) and its ligand (PD-L1), and
cytotoxic T-lymphocyte–associated protein 4 (CTLA-4).
This strategy has remarkably improved disease out-
comes for various cancers.1 However, ICT can lead to
immune-related adverse events (irAEs), which are
characterized by an uncontrolled and dysregulated
immune response that affects multiple organs.
Although the precise mechanisms underlying ICT-
induced autoimmune disease are not fully under-
stood, autoantibody development in response to treat-
ment has been well established.

Renal irAEs are less frequent but potentially severe.
Despite the reported incidence of renal irAEs being
relatively low, any renal impairment can significantly
impact patient outcomes, leading to reduced overall
survival and potential ineligibility for future clinical
trials.1 Close monitoring of kidney function during ICT
is critical to preserve and optimize renal health. Renal
irAEs have diverse clinical presentations, including
electrolyte disturbances, acute tubulointerstitial
nephritis, acute tubular necrosis, vasculitis, glomeru-
lonephritis, and, rarely, sarcoidosis.2,3 Among these,
glomerulonephritis, an autoimmune disease affecting
the glomeruli, is a rare, serious complication following
ICT exposure. Recent studies have shown that
glomerulonephritis accounts for a significant
proportion of ICT-associated glomerular disease, with
pauci-immune glomerulonephritis and renal vasculitis
being the most commonly observed subtypes.2

However, the association between preexisting auto-
antibodies and irAE risk remains inconclusive, partic-
ularly regarding renal irAEs. Further investigation into
specific autoantibodies, such as antineutrophil cyto-
plasmic antibodies (ANCAs), before and after ICT
exposure may provide valuable insights into predicting
irAEs and overall survival in patients with cancer.4,5

Management of glomerulonephritis after ICT in-
volves kidney biopsies for accurate diagnosis and
tailored treatment approaches. Corticosteroids are a
common treatment approach; however, a more targeted
approach is required to prevent immune checkpoint
inhibitor (ICI) discontinuation and enhance outcomes.
Rituximab is an effective treatment for inducing
remission in ICT-induced kidney injury and vasculitis
and continued cancer remission.6,7

Because renal irAEs are clinically significant and
potentially impact patient outcomes, further research is
needed to better understand the pathophysiology of
induction of autoimmune disease after ICT. Identifying
predictive factors and refining treatment strategies is
essential to optimize ICT use and ensure patient safety
and treatment efficacy.

Here, we report on an older patient with solitary
metastatic renal cell cancer with prior ICT exposure
who developed lupus nephritis characterized by the
production of autoantibodies. The study was con-
ducted in accordance with the Declaration of Helsinki
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Figure 1. Kidney biopsy. (a) Hematoxylin and eosin stain: a glomerulus with segmental sclerosis and mesangial expansion and hypercellularity.
(b) Hematoxylin and eosin stain: interstitial nephritis with lymphocytes, plasma cells and a few eosinophils. (c) Hematoxylin and eosin stain:
acute tubular injury. (d) Immunofluorescence: mesangial/paramesangial and capillary walls staining for IgG. Similar findings are seen with IgM
and IgA. (e) Immunofluorescence: mesangial/paramesangial and capillary walls staining for C1q. Similar findings are seen with C3. (f) Electron
microscopy: organized electron-dense deposits with fingerprint pattern.
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and approved by the Institutional Review Board at The
University of Texas MD Anderson Cancer Center
(PA16-1016). Informed consent was not required.
CASE PRESENTATION

A Caucasian man in his 80s was admitted to the hospital
with acute kidney injury, volume overload, ascites,
and hyponatremia. He had a history of hypertension,
coronary artery disease, hypothyroidism, prostate
cancer, and metastatic renal cell carcinoma and had
undergone a left radical nephrectomy. Approximately a
year later, his renal cell cancer recurred, and he
received 3 cycles of pembrolizumab and axitinitib. He
initially responded to treatment; however, his disease
progressed and subsequently cabozantinib was started
later that year.

At the time of hospital admission, the patient’s
creatinine level was 6.0 mg/dl (baseline: 2.0 mg/dl). He
had hematuria, eosinophilia, and proteinuria (4.5 g) and
an albumin level of 2.1 mg/dl, which were all negative
before he started pembrolizumab and axitinitib. An
autoimmune workup revealed an antinuclear antibody
level of 1:320, with positive results for anti–double-
stranded DNA and antihistone antibodies, and normal
complement levels. Notably, the workup findings were
also positive for myeloperoxidase antibodies (>8 ng/l).
Of note, the patient had been started on hydralazine
after initiation of axitinitib due to uncontrolled hy-
pertension a month before admission for acute kidney
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injury. Renal ultrasonography indicated an 11.8 cm-
long kidney with increased echogenicity. Because of
continued elevated creatinine levels, a kidney biopsy
was performed. The biopsy showed mild glomerulo-
nephritis with segmental endocapillary hyper-
cellularity, and immunofluorescence staining revealed
positive for C3, C1q, IgA, IgM, IgG, Kappa, and
Lambda referred to as a “full-house” immunofluores-
cence pattern. It also revealed ultrastructural features
consistent with thrombotic microangiopathy–like
changes with focal global glomerulosclerosis (6 of 41
glomeruli, approximately 15%), mild and focal acute
tubulointerstitial nephritis with diffuse acute tubular
injury, interstitial fibrosis and tubular atrophy
(approximately 30%), and moderate to severe arterio-
sclerosis and arteriolosclerosis, consistent with the pa-
tient’s history of hypertension (Figure 1).

Because the findings indicated an autoimmune pro-
cess, the patient was given methylprednisolone 250 mg
pulse as an i.v. infusion daily for 3 days and then started
on prednisone 60 mg daily. He was also started on
hydroxychloroquine 200 mg twice daily. His creatinine
level initially improved to 4.53 mg/dl; however, due to
increasing azotemia and volume overload, hemodialysis
was started. Suspecting autoimmune disease, the patient
was treated with a course of rituximab consisting of two
1 g doses given by i.v. infusion 2 weeks apart. Dialysis
was discontinued after 4 months. At the time of writing,
the patient has a stable glomerular filtration rate of 15
ml/min (Supplementary Figure S1A and B). His
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proteinuria and hypervolemia have resolved, and he is
receiving prednisone 7.5 mg daily, hydroxychloroquine
200 mg twice daily, and minimal diuretics due to his
chronic kidney disease.
DISCUSSION

Recently, the increasing use of ICTs in patients with
relapsed and refractory cancer has highlighted the irAEs
associated with these therapies. As the use of ICT has
grown, renal irAE incidence has risen, providing valu-
able insights into the pathogenic mechanisms underly-
ing ICI-associated nephrotoxicity.8 Initial reports
suggested that anti-CTLA-4 agents may be more likely
to cause glomerular diseases than PD-1 and PD-L1 in-
hibitors, but a recent meta-analysis indicated that PD-1
and PD-L1 inhibitors may be more likely than anti-
CTLA-4 agents to cause glomerular diseases.2 Here, we
report a patient with solitary kidney who experienced
lupus nephritis after receiving pembrolizumab, a PD-1
inhibitor, and was effectively treated with rituximab
with maintenance off dialysis and stable cancer.

ICT-induced acute interstitial nephritis has been
associated with increased urinary tumor necrosis fac-
tor-a, which induces human leukocyte antigen and
activates antigen-presenting cells and increased den-
dritic cells in the kidney tissue of patients treated with
ICTs. These findings support a loss of tolerance
induced by ICT exposure that leads to autoreactive T-
cell infiltration.S1 Another study validated these find-
ings, demonstrating that patients exposed to proton
pump inhibitors and nonsteroidal antiinflammatory
drugs had an increased risk of acute interstitial
nephritis after ICT exposure where tolerance to these
medications would be lost.S2,S3

Previous work demonstrated that increased T-cell
infiltration and expansion can lead to an inflammatory
response in ANCA-associated glomerulonephritis and
vasculitis. The exhaustion of T cells in vasculitis and
other autoimmune diseases prevents disease progres-
sion. The expressions of coinhibitory molecules such as
PD-1 and CTLA-4 prevent the differentiation of non-
exhausted T cells. In the pathogenesis of ANCA-
associated vasculitis, CD8þ T cells, which express the
CTLA-4 receptor, may activate polymorphonuclear
cells, leading to the exposure of proteinase-3 and
myeloperoxidase antigens on their surface. These an-
tigens may then react with ANCAs, leading to ANCA-
induced disease.S4 Regarding further induction of an
autoimmune disease, PD-1 is expressed on B cells,
including immunosuppressive B regulatory cells, and
has a well-established role in B-cell tolerance.S5 ICT
induction of B cells has been shown to specifically
correlate with irAEs.S6 In addition, in patients with
1536
B-cell depletion who were treated with ICIs for their
underlying cancer, B-cell depletion was shown not to
impede the ICIs’ antitumor effects.S7

Our case had “full-house” immunofluorescence stain-
ing results, with positive results for antinuclear anti-
bodies, double-stranded DNA, and histones; these
findings are typical features of lupus nephritis. There
have been few case reports of lupus nephritis–like syn-
drome after ICI exposure; however, in mouse models,
disruption of PD-1 has been shown to lead to systemic
lupus and glomerulonephritis.S8 Although Pippin et al.
indicated that treatment with anti–PD-1 antibodies led to
antiaging effects on podocytes in mouse models,
continued exposure to anti–PD-1 antibodies may lead to
the induction of an autoimmune disease.S9 Furthermore,
in mouse models, treatment with a PD-L1–agonist anti-
body reduced proteinuria and decreased serum levels of
anti–double-stranded DNA antibodies and IgG glomer-
ular deposition, with an associated increased survival
rate.S10 In the few published case reports of ICT-induced
lupus nephritis, stopping ICTs and starting steroids
when patients’ proteinuria responded also led to excel-
lent tumor response (Supplementary Table S1).S11–S13 To
our knowledge, we are the first to report on a lupus
nephritis case with positive histone antibodies, which is
highly associated with drug-induced lupus and could
have been exacerbated by the patients’ exposure to
hydralazine.

Initial guidelines for managing renal irAEs recom-
mended initiating corticosteroid-based therapy without
performing a kidney biopsy.S12 Since then, however,
increasing evidence has shown that the induction of an
autoimmune kidney disease can be present and lead to
both poor renal outcomes and poor overall survival.2 A
recent case series showed that a kidney biopsy can be
used to diagnose vasculitis following ICT exposure,
thereby challenging the conventional approach.9

Several case reports have demonstrated that ritux-
imab, a monoclonal anti-CD20 antibody, can potentially
induce renal recovery and disease remission, allowing
patients to continue ICI therapy despite developing
glomerulonephritis.2,9 Rituximab disrupts pathogenic
B-lymphocyte interaction with cytotoxic T lympho-
cytes, reduces chemokine production, and limits
endothelial injury without inhibiting the antineoplastic
effects of ICIs.S7,S14,S15 One study reported partial to
complete renal recovery and remission following rit-
uximab treatment in ICI-induced renal vasculitis.6

However, maintenance rituximab should be avoided
after achieving renal remission because suppression of
the B cells can reduce the overall antitumor effects of
the T cells due to the lack of the B-cell antigen pre-
sentation. A recent evaluation of the role of intra-
tumoral B cells confirmed their importance in tumor
Kidney International Reports (2024) 9, 1534–1537



Table 1. Teaching points

1. Kidney biopsy in patients with suspected ICI kidney toxicity should be first line in
diagnosis

2. Autoimmune induction in the kidney although rare would need to be in the
differential of ICI-induced kidney injury to allow a more guided and effective
treatment

3. Rituximab can provide an effective steroid sparing treatment for autoimmune disease
induced by checkpoint inhibitors and allow continued tumor response

ICI, immune checkpoint inhibitor.
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responses in patients treated with anti–PD-1 or anti–
PD-L1 immunotherapy.S16 For patients with profound
autoimmune symptoms, plasmapheresis has shown
potential benefits in removing autoantibodies, espe-
cially in ANCA-associated vasculitis.S17 A summary of
learning points can be found in Table 1.

In conclusion, ICTs have revolutionized cancer
management, providing durable antitumor responses
and improved survival. However, clinicians must
remain vigilant for ICT-induced irAEs, including ICI-
induced vasculitis and glomerulonephritis, that can
lead to significant morbidity. Timely monitoring of
serum creatinine levels and prompt initiation of
appropriate therapies, such as corticosteroids, plasma-
pheresis, or rituximab, can lead to renal recovery and
disease remission, allowing patients to continue ICT
therapy. Further research should focus on the mecha-
nisms and risk factors of ICT-induced autoimmune
disease, which can lead to improved management
strategies and patient outcomes.
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