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INTRODUCTION

I
mmune checkpoint inhibitors (CPIs), including
pembrolizumab, are becoming common oncological

treatments and have revolutionized the treatment of
cancers. CPIs have been associated with a significant
risk of developing immune-related adverse events
affecting various organs including kidney. The re-
ported incidence of these events with CPIs used as
monotherapy is about 2% to 3%, and 5% when used
in combination.1 Most kidney immune-related adverse
events observed are acute kidney injury, typically
caused by acute tubulo-interstitial nephritis.2,3 Glomer-
ular diseases are rarely seen with immunotherapy.2,4 In
addition, the association of malignancy with some
forms of secondary glomerular disease makes it more
challenging to distinguish from CPI-associated glomer-
ular disease. Here, we present the case of a 71-year-old
man with stage 4 lung adenocarcinoma who developed
proteinuria and membranous nephropathy (MN) dur-
ing treatment with pembrolizumab.
CASE PRESENTATION
A 71-year-old man with history of stage 4 lung
adenocarcinoma, diabetes mellitus, and hypertension
was referred to outpatient nephrology clinic for pro-
teinuria. The patient was diagnosed with stage 4 lung
adenocarcinoma 2 years prior and has completed 6
cycles of paclitaxel and pembrolizumab therapy. Initial
laboratory results in the outpatient clinic showed
serum creatinine at baseline of 0.8 mg/dl, serum albu-
min at 4.2 mg/dl and spot urine total protein-to-
creatinine ratio significantly elevated at 4.2. Work up
for secondary causes of nephrotic range proteinuria
were done. The work up revealed negative results for
hepatitis B surface antigen, hepatitis C core antibody,
HIV, serum antinuclear antibodies levels, cytoplasmic
antineutrophil cytoplasmic antibodies levels, peri-
nuclear antineutrophil cytoplasmic antibodies levels,
serum double stranded DNA antibody levels, serum
anti-phospholipase A2 receptor (anti-PLA2R) anti-
bodies and glomerular basement membrane (GBM) an-
tibodies. Serum C3 complement levels were within
range 131 and serum C4 complement levels were also in
range at 31. Serum free light chain kappa/ lambda ratio
was 0.9. To evaluate the etiology for nephrotic range
proteinuria, the patient underwent a kidney biopsy.
The Kidney Biopsy Findings

On light microscopy, the glomeruli show rigid capil-
lary walls, without overt spike formation or vacuoli-
zation (Figure 1a). The capillary loops and urinary
spaces were patent without significant inflammatory
cell infiltrate. The mesangial areas were in normal
thickness. There was minimal interstitial fibrosis and
tubular atrophy. Immunofluorescence microscopy
showed granular staining in capillary walls for IgG
(2þ, see Figure 1b), C3 (traceþ) and kappa (1–2þ), and
lambda (1–2þ) light chains, and PLA2R (trace to 1þ,
see Figure 1c). There was no significant glomerular
staining for IgA, IgM, C1q, albumin, THSD7A, and
fibrinogen. Additional immunohistochemical staining
for nerve epidermal growth factor-like 1 (NELL-1)
marker was done, which showed granular staining
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Figure 1. Panel of the kidney biopsy findings. (a) Jones stain (�200): rigid glomerular capillary walls. (b) Immunofluorescence stain of IgG
(�400): granular staining along glomerular capillary walls. (c) Immunofluorescence stain of PLA2R (�400): trace staining along glomerular
capillary walls. (d) Immunohistochemical stain of NELL1 (�200): positive along glomerular capillary walls. (e) Electron microscopy (�4000):
scattered electron dense deposits in subepithelial spaces (arrow). NELL-1, nerve epidermal growth factor-like 1. PLA2R, phospholipase A2
receptor.
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along glomerular basement membranes (see Figure 1d).
Electron microscopy revealed immune type electron
dense deposits in subepithelial locations (Figure 1e).
Immune type electron dense deposits were not seen in
mesangial or subendothelial areas. There was no sig-
nificant basement membrane reaction to the deposits.
Overlying epithelial cells showed marked effacement of
foot processes.

Diagnosis and Follow-Up

A diagnosis of NELL-1 MN was made. Given NELL-1’s
association with cancer, the concern was if this was
lung cancer related or could this NELL-1 disease be
triggered by immunotherapy. Repeat computerized
tomography scan of the chest was done, which showed
unchanged lung findings with no new lung cancer
related lesion. After a multidisciplinary meeting with
oncology and nephrology, the decision was made to
hold pembrolizumab and monitor the proteinuria. Over
the course of 2 months, spot urinary total protein-to-
creatinine ratio improved to 1.2 g/g and subsequently
to 0.8 g/g. Given the improvement of proteinuria after
holding immunotherapy, the patient likely had
nephrotic range proteinuria secondary to NELL-1 MN
because of the use of pembrolizumab in lung cancer
treatment.

DISCUSSION
MN is a common cause of proteinuria and nephrotic
syndrome. It can be subdivided into primary and
Kidney International Reports (2023) 8, 676–679
secondary forms. The primary form is an autoimmune
disease clinically characterized by nephrotic syndrome
and slow progression. It accounts for approximately
70% of cases in MN. In the remaining cases, MN may
be secondary to well-defined causes, including in-
fections, drugs, solid organ cancer, or autoimmune
diseases, such as systemic lupus erythematosus, rheu-
matoid arthritis, sarcoidosis, Sjogren syndrome, sys-
temic sclerosis, or ankylosing spondylitis. The clinical
presentation is similar in primary and secondary MN.
However, the outcome may be different and often
related to that of the original disease in secondary MN.
In addition, the treatment may be different, being
targeted to the etiologic cause in secondary MN.
Therefore, the differential diagnosis between primary
and secondary MN is critical and should be based not
only on history and clinical features of the patient but
also on immunofluorescence and electron microscopy
analysis of kidney biopsy as well as on the research of
circulating antibodies.5

MN and association with malignancy has been well
described within the literature.6 However, MN sec-
ondary to drug exposure is also not infrequent. Rihova
et al. in their study conducted in a single center in
Czech Republic revealed that out of 129 patients with
MN, an underlying cause was identified in 40 cases
(31%). In 18 of the 40 (45%) MN was secondary to
drugs.7

There have been many reports of glomerular diseases
associated with CPIs therapies (Table 1).4 Both nephritic
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Table 1. Glomerular pathology associated with immune check point
inhibitors (CPIs)
Nephrotic syndrome Nephritic syndrome

Podocytopathies (24%) Pauci-immune vasculitis (26.7%)

AA amyloidosis (8.9%) IgA nephropathy (8.9%)

Membranous nephropathy (2.2%) Anti GBM disease (6.7%)

Thrombotic microangiopathy (4.4%)

Immune complex glomerulonephritis (4.4%)

Lupus like nephritis (2.2%)

GBM, glomerular basement membrane.

Table 2. Teaching points

� Glomerular pathology is not uncommon with the use of immune checkpoint
inhibitors.

� NELL-1 associated Membranous Nephropathy can occur not only with cancer but
also with traditional indigenous medicine use, and perhaps other drugs, and as in
this case, immune checkpoint inhibitors.

� With the massive use of immune checkpoint inhibitors for various forms of cancers,
NELL-1 associated MN should be in the differential diagnosis of a drug-induced
glomerular process.

MN, membranous nephropathy; NELL-1, nerve epidermal growth factor-like 1.
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and nephrotic syndromes have been described. In a
recent systematic review of all biopsy proven published
cases or series of glomerular pathology associated with
CPIs, the most frequent pathology findings were pauci-
immune glomerulonephritis (27%), podocytopathies
(24%), and C3 glomerulonephritis.4

The mechanisms underlying the development of
drug-induced MN have not been fully elucidated. One
of the implicated pathogeneses of drug-induced MN is
probably because of an immune response to the drug or
to a by-product that acts as planted antigen on the
subepithelial position of the GBM. The most plausible
mechanism is that cationic drug–derived antigens tra-
verse the GBM, are planted in the subepithelial space,
and are targeted in situ by circulating antibodies
directed against these antigens.8 In our case, the patient
had a history of solid organ malignancy (lung cancer)
which is well established as a cause for secondary MN.9

Even though, initial serologic work up was negative for
PLA2R antibodies, the kidney biopsy revealed weak
anti-PLA2R antibody staining. Additional staining was
negative for THSD7A antigen but came back positive
for NELL-1 marker. There have been few case reports
describing MN associated with CPIs inhibitors
(Supplementary Table S1). Recent studies have shown
that NELL1-associated MN is more often associated
with malignancy than other known types of MN.S4,S5

Recently Kurien et al. in their study described the as-
sociation of NELL-1 positivity in MN with traditional
indigenous medicine use.S6 However, the prevalence of
NELL-1 positivity in MN associated with other drug
classes including CPIs has not been studied. No specific
kidney biopsy findings can help differentiate drug
induced MN from primary forms of MN. In the past, the
most frequent drugs that caused MN were gold salts,
penicillamine, and bucillamine that contained a sulfhy-
dryl group, also called Thiol group.S7 However, the use
of these drugs has progressively reduced after the
introduction of biological agents in the treatment of
rheumatoid arthritis.S8 Drug-induced MN is considered
when: (i) there is no other apparent cause for MN,
(ii) proteinuria develops within 6 months to 12 months
of drug therapy, and (iii) discontinuation of the drug
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leads to resolution of the proteinuria. Our patient was
receiving pembrolizumab as part of treatment for
lung cancer. In our case, the MN was noted after CPI
start of therapy and cancer status remained unchanged
despite improvement of proteinuria. It is still possible
that the NELL-1 induced MN in our case is related to the
cancer andwas a triggered immune response with the use
of CPI. It is plausible that this particular individual is
prone to getting NELL-1 MN and the CPI trigged this
specific immune disorder. After discontinuation of pem-
brolizumab, we observed significant improvement in the
spot urine total protein-to-creatinine ratiowithin 8weeks,
hence establishing a potential association of pem-
brolizumab use and MN in our patient. One of the limi-
tations of this case is the lack of NELL-1 antibody testing
and correlation of that with discontinuation of the CPI.
CONCLUSION
This is the first case, to best of our knowledge, of
NELL-1 MN with potential association with pem-
brolizumab or any CPI form of therapy. It is possible
that besides malignancy, NELL-1 associated MN may
be associated with medications and drugs and might be
the next most common antigen after PLA2R.S9 With
increasing use of CPIs for management of malignancy,
patients need to be monitored for such rare but sig-
nificant complications. The management includes
discontinuation of CPIs (Table 2).
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PATIENT CONSENT
Patient consent was obtained for this report.

SUPPLEMENTARY MATERIAL
Supplementary File (PDF)

Supplementary References.
Table S1. Summary of published reports of membranous

nephropathy associated with immune checkpoint

inhibitor therapy.
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