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ABSTRACT
The same mechanisms that mediate antitumor immunity 
from checkpoint inhibitors (CPIs) can also lead to 
unintended targeting of normal tissues, characterized 
as immune-related adverse events (irAEs). Those with 
pre-existing autoimmune disease are believed to be 
particularly vulnerable for exacerbating underlying 
autoimmunity or inducing severe irAEs. We report the 
first case of CPI-associated reactivation of primary 
membranous nephropathy (MN) in a patient with pleural 
mesothelioma responding to immunotherapy. Due to its 
specificity in targeting B-lymphocytes, rituximab was used 
to treat primary MN with the expectation that this would 
not interfere with the benefits gained from T cell-mediated 
antitumor immunity. Rituximab was effective in treating 
CPI-associated reactivation of MN, and the patient was 
successfully rechallenged with nivolumab and maintained 
stable kidney function and sustained clinical antitumor 
effect. While exacerbation of pre-existing autoimmune 
diseases from CPIs is common, therapy for autoimmune 
reactivation can be rationally directed by an understanding 
of the immunosuppressive mechanism with goals of 
cancer treatment.

BACKGROUND
Immune checkpoint therapy has dramat-
ically altered the treatment landscape of 
patients with cancer. However, the same 
mechanisms that mediate antitumor immu-
nity can also lead to unintended targeting 
of normal tissues, characterized as immune-
related adverse events (irAEs). Those with 
pre-existing autoimmune disease are believed 
to be particularly vulnerable for exacer-
bating underlying autoimmunity or inducing 
severe irAEs. Primary membranous nephrop-
athy (MN) is a common cause of nephrotic 
syndrome in adults. It is an antibody-mediated 
autoimmune glomerular disease, where 
approximately 70% of patients will produce 
autoantibodies to the M-type phospholipase 
A2 receptor (PLA2R) on glomerular podo-
cytes.1 Fortunately, only approximately 30% 
of untreated patients with MN will progress 
to end-stage kidney failure. Immunosuppres-
sive treatment is recommended for those at 

risk for progressive disease. MN can also be 
associated with malignancies, infections, and 
certain medications including checkpoint 
inhibitors (CPIs).2 The strong association 
between malignancy and MN3 4 can make it 
difficult to distinguish from CPI-associated 
MN. Furthermore, treatment of paraneo-
plastic glomerular diseases is achieved with 
treatment of the underlying cancer. Here we 
present a patient with history of primary MN 
(>10 years) and malignant pleural mesothe-
lioma. We report the first case of immune 
checkpoint inhibitor (CPI)-associated reac-
tivation of primary MN responsive to ritux-
imab in a patient with pleural mesothelioma 
on immune checkpoint therapy with durable 
complete remission.

CASE PRESENTATION
A 60-year-old man with clinical stage IA malig-
nant pleural mesothelioma receiving off-label 
nivolumab, anti-programmed cell death-1 
(PD-1) therapy, was referred to the Univer-
sity of Texas MD Anderson Cancer Center 
(MDACC) nephrology clinic for concern of 
reactivation of primary MN.

The patient has had a history of primary 
MN for approximately 14 years. He was found 
to have nephrotic range proteinuria (3–4 g/
day) on an annual physical examination 
and referred to a local nephrologist. Per the 
patient, initial workup was unrevealing and 
his proteinuria spontaneously improved to 
<1.0 g/day. In 2011, he had recurrence of 
proteinuria and underwent kidney biopsy. 
At the time, PLA2R testing was unavailable; 
however, his biopsy findings in 2011 were 
suggestive of primary MN including thick-
ened glomerular capillaries, glomerular 
basement membrane (GBM) pits and spikes, 
subepithelial intramembranous deposits 
(figure  1A–C), and absence of subendothe-
lial and mesangial deposits. Screening for 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-7073-9658
http://orcid.org/0000-0002-1242-2740
http://crossmark.crossref.org/dialog/?doi=10.1136/jitc-2020-001287&domain=pdf&date_stamp=2020-010-05


2 Lin JS, et al. J Immunother Cancer 2020;8:e001287. doi:10.1136/jitc-2020-001287

Open access�

secondary causes of MN including: hepatitis B and C serol-
ogies, anti-nuclear antibody (ANA) titer, prostate-specific 
antigen (PSA) level, chest x-ray, and colonoscopy were 
unrevealing. Non-immunosuppressive therapy, including 
lisinopril and simvastatin, was initiated. While he was ulti-
mately unable to tolerate lisinopril due to hyperkalemia, 
he went into spontaneous remission. Since 2011, he has 
only had one additional relapse in 2017 that also sponta-
neously remitted without use of steroids or immunosup-
pressive treatment.

In September 2018, he was diagnosed with malignant 
pleural mesothelioma (MPM) of the right hemithorax, 
biphasic with predominant sarcomatoid type. He was 
deemed not to be a candidate for surgery or combination 
chemotherapy due to poor performance status. Bene-
fits of single-agent chemotherapy versus off-label use of 
nivolumab were discussed. After careful consideration, 
he proceeded with off-label nivolumab infusions (240 mg 
intravenous every 2 weeks), along with careful monitoring 
of his kidney function by his local nephrologist. Interval 
improvement in his cancer was seen on positron emission 
tomography/computed tomography (PET/CT) imaging. 
Shortly after starting nivolumab, his proteinuria began to 
increase. Additionally, he developed diabetic ketoacidosis 
and checkpoint inhibitor-induced type 1 diabetes with 
positive glutamic acid decarboxylase 65 (GAD65) anti-
body within 1 month of therapy (figure 2).

In November 2019, the patient came to nephrology 
clinic at MDACC for a second opinion. Notable labs 
included a serum albumin of 1.9 g/dL, an elevated serum 
creatinine (Cr) 1.25 mg/dL (baseline Cr 0.82–0.91 mg/
dL), urinalysis with trace glucose 150; protein>=500, 

negative bilirubin, ketones, blood, urobilinogen, nitrate, 
leucocyte esterase; white blood cells/high power field 
(HPF) : 1; red blood cells/HPF : 2; hyaline casts: 4 (high), 
and a 24-hour urine protein 13.4 g/day which had previ-
ously been <1.0 g/day prior to therapy with nivolumab 
(figure 2). Hepatitis serologies and review of secondary 
causes of MN were again unremarkable.

Due to concern for reactivation of primary MN versus 
other CPI-nephritis etiologies, he underwent a kidney 
biopsy. Biopsy results suggested chronic reactivated 
primary MN. Light microscopy revealed thick glomerular 
capillaries (figure 1D) and immunofluorescence demon-
strated capillary granular IgG and C3 deposits (not 
shown) and strongly positive PLA2R stain (figure  1E). 
Electron microscopy showed electron-lucent intramem-
branous spaces, subepithelial electron dense deposits, 
thickened GBM measuring >3000 nm (average adult 

Figure 1  Renal biopsy 2011. (A) Periodic acid–Schiff (PAS) 
stain of glomerulus with thick capillary walls. (B) Jones 
methenamine silver (silver): basement membrane pits and 
spikes. (C) Electronic micrograph (EM): thickened glomerular 
basement membrane (GBM) ~1000 nm, subepithelial, 
intramembranous deposits (green arrows) and electron-lucent 
intramembranous spaces (purple arrows). Renal biopsy 
2019. (D) Hematoxylinand eosin (H&E) stain thick glomerular 
capillaries with patchy mild to focally moderate infiltration 
by lymphocytes. (E) Phospholipase A2 receptor (PLA2R) 
stain is diffuse and granular with capillary distribution. (F) EM 
thickened GBM measuring >3000 nm (normal 230–430 nm). 
Electron-dense subepithelial deposits (green arrow). Diffuse 
podocyte effacement. Scale bar: 50 μm (A–E) and 1 μm (C, F).

Figure 2  Timeline of events: (A) 24-hour urine protein was 
<1 g/24 hours prior to during time of diagnosis and prior to 
nivolumab therapy. In November 2019, proteinuria peaked 
at 13.4 g/24 hours. (B) Serum albumin level nadired at 1.9 g/
dL. (C) Serum creatinine peaked at 1.26 mg/dL. *Nivolumab 
480 mg intravenous every month. †Rituximab 1 g intravenous 
administered on days 1 and 15. MDACC, University of 
Texas MD Anderson Cancer Center (MDACC); T1DM, type 1 
diabetes mellitus.
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230–430 nm) and extensive podocyte foot process efface-
ment (figure 1F). Due to concern for progressive decline 
in his kidney function, consideration of immunosuppres-
sive treatment options was discussed with his primary 
oncologist. The patient was subsequently initiated on 
rituximab, a monoclonal chimeric antibody binding 
specifically to CD20 on B lymphocytes with hope that 
this would not affect any antitumor benefits attributable 
to T cell immunity. Nivolumab was held while two infu-
sions of rituximab at 1 g were administered 14 days apart. 
Lab results 1 month after rituximab treatment showed an 
improved serum creatinine of 1.01 mg/dL, decrease in 
proteinuria by over 50% (4.6 g/day), and albumin level of 
2.9 g/dL. Flow cytometry analysis of CD19+ B cell counts 
confirmed complete depletion and undetectable serum 
PLA2R level (baseline level unavailable). The patient 
continued to receive nivolumab and has since received 
five cycles of nivolumab following rituximab therapy with 
stable to improved kidney function (figure 2). PET/CT 
imaging continues to show complete metabolic response 
and no new sites of increased fluorodeoxyglucose activity 
suspicious for neoplasia (figure 3).

DISCUSSION
As the clinical indications for immune checkpoint inhib-
itors has increased in recent years, a greater under-
standing of the pathogenesis and treatment of those with 
pre-existing autoimmune disease and cancer represents a 

major challenge. We report the first case of CPI-associated 
reactivation of primary MN in a patient receiving anti-
PD1 therapy responsive to rituximab.

The pathophysiology of CPI-associated irAEs is not 
completely understood. CPI increases antitumor immu-
nity by blocking intrinsic down-regulators of immunity. 
This can lead to the activation of autoreactive T cells, 
subsequent production of proinflammatory cytokines, and 
an autoimmune humoral response.5 Current literature 
suggests that over one-third of patients with pre-existing 
rheumatic or autoimmune disease have experienced 
flares of their prior disorder in association with treatment 
using immune CPIs for malignancy.6 7 Disease flares were 
more commonly reported with anti–PD-1/PD-L1 agents 
than with CTLA-4 blockade (62% vs 36%), whereas de 
novo irAEs were more common among patients treated 
with CTLA-4 blockade (42% vs 26%).6 Those with adverse 
events were more likely to have a partial or complete 
tumorous response, compared with those who did not 
have adverse events.6 While there appears to be a correla-
tive relationship between development of irAEs and effi-
cacy of treatment, further prospective studies are needed 
to define the causal relationship and how it will impact 
clinical decision-making.

Most reports of CPI-associated reactivation of auto-
immune disease describe patients with rheumatological 
features. To our knowledge, this is the first case of reac-
tivated autoimmune MN following CPI therapy respon-
sive to rituximab. MN is the most common cause of 
non-diabetic nephrotic syndrome in adults. The term 
membranous nephropathy reflects the histologic changes 
noted on light microscopy, specifically GBM thickening. 
Primary or idiopathic MN account for most MN cases and 
are accompanied by the appearance of autoantibodies to 
PLA2R (70%–80% of primary MN), and a much smaller 
fraction (3%–5%) with autoantibodies to thrombos-
pondin type 1 domain containing 7A protein (THSD7A). 
PLA2R and THSD7A are expressed on glomerular podo-
cytes.1 8 While secondary MN is associated with hepatitis 
B or C, malignancy, and certain drugs (eg, non-steroidal 
anti-inflammatory, gold, captopril, penicillamine) 
accounts for 20%–25% of adult cases. Current research 
suggests that anti-PLA2R can be used to differentiate 
primary MN from secondary or paraneoplastic associated 
MN,9 but cases of malignancies have been reported in 
those with positive PLA2R status.10 11 To date, all reported 
cases of malignant pleural mesothelioma and MN have 
been PLA2R negative or unknown.12–14 In general, posi-
tive immunohistochemical stain for PLA2R confirms the 
diagnosis of primary MN; in lieu of biopsy positive sero-
logical PLA2R levels can also be used, and if detectable, 
serve as a surrogate to monitor immunologic activity and 
disease course.15 Serologic response frequently precedes 
the decline in proteinuria due to delay in functional 
recovery of the glomerular filtration barrier and podo-
cyte remodeling from the immunologic damage.

Nivolumab-associated reactivation of primary MN was 
strongly suspected in our patient, but usage of CPIs can 

Figure 3  (A) Positron emission tomography/computed 
tomography (PET/CT) (left) demonstrates hypermetabolic 
lesion in the pleura of the right anterior rib space (red arrow). 
Maximum intensity projection (MIP, right) with multifocal 
lesions (blue arrow). (B) Follow-up PET/CT (left) and MIP 
(right) with complete metabolic response.
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also be associated with other immune-mediated kidney 
diseases. These renal pathologies are varied. In addition 
to acute tubulointerstitial nephritis, other manifestations 
include lupus nephropathy, thrombotic microangiop-
athy, focal segmental glomerulosclerosis, minimal-change 
disease, secondary or PLA2R negative MN, pauci-immune 
glomerulonephritis, IgA nephropathy, C3 glomerulop-
athy, and AA amyloidosis.2 16 Thus, renal biopsy for defin-
itive diagnosis was imperative to determine etiology and 
treatment for our patient.

MPM is a rare and often fatal cancer. Those with the sarco-
matoid and biphasic histologic subtypes have more aggres-
sive disease.17 Our patient experienced a durable response 
with nivolumab therapy suggesting that activated T lympho-
cytes were successfully targeting cancer cells. Unfortunately, 
this treatment led to the development of Type 1 diabetes and 
likely reactivated his underlying autoimmune disease. Based 
on his clinical and immunologic profile including: wors-
ening performance status, severe lower extremity edema, 
progressive decline in kidney function from active MN, 
severe nephrotic syndrome (total urine protein >13 g/day 
and serum albumin <1.9 g/dL), positive PLA2R status, and 
continued immune activation from CPI therapy, our patient 
was considered high to very high risk for progressive func-
tional kidney decline.

Current treatment guidelines for MN recommend 
immunosuppressive therapy with cyclophosphamide and 
steroids, rituximab, or cyclosporine. Of these options, all 
except for rituximab directly or indirectly suppress T cell 
function potentially impacting the antitumor effectiveness 
of CPI therapy. Cyclophosphamide, an alkylating agent, 
non-discriminatorily crosslinks DNA resulting in absolute 
lymphopenia in both T and B cells and is associated with 
increase cancer risk. Cyclosporine, a calcineurin inhibitor, 
blocks transcription of interleukin 2, suppressing T cell acti-
vation and, while it is effective in treating proteinuria, has a 
high rate of relapse following discontinuation of therapy.18 
Due to its specificity in targeting B-lymphocytes, rituximab 
seemingly provided the best option to treat our patient’s 
antibody-mediated glomerular disease without directly 
affecting his cancer therapy. In situations where T cell 
sparing agents may not be an option, then competing risks 
must be considered in managing patients with declining 
kidney function and treatment of cancer. Fortunately, our 
patient responded to rituximab with improved kidney func-
tion and has continued to receive nivolumab with stable 
kidney function.

Since B cells likely contribute to CPI-induced reactivation 
or de novo autoimmune irAEs,19 treatment with rituximab 
has been successful in several cases of CPI-induced irAEs. 
Majority of these diseases had pre-existing indications or off-
label use for rituximab such as bullous pemphigold,20 idio-
pathic thrombocytopenic purpura,21 Sjogren’s syndrome,22 
pauci-immune glomerulonephritis,2 and granulomatous 
necrotizing vasculitis.2 Use of rituximab for CPI-related 
renal vasculitis was further demonstrated by Mamlouk et 
al. – all cases achieved partial or complete renal recovery 
following rituximab treatment.23 This could suggest that 

while CPIs may trigger the irAE(s), the underlying B cell 
pathophysiology of the disease remains unchanged.

Finally, the role of B cells in cancer prognosis and 
immune checkpoint therapy is unknown in MPM. In other 
cancers such as melanoma, the role of B cells in mela-
noma progression is controversial, as both protumor and 
antitumor B cell functions have been reported.24 Studies 
of other solid tumors have identified various B cell subsets 
as critical protumorous mediators of malignancy,25 if so, 
these findings would support B cell depletion or Bruton’s 
tyrosine kinase inhibition along with checkpoint inhibi-
tion as an appealing strategy.26 In general, B cell infiltra-
tion in mesothelioma is sparse, although a subgroup with 
higher numbers of B cells is described.27 In mesothelioma 
epithelioid type, B cell infiltration has been associated 
with better patient survival,28 but this association is not 
known in the biphasic sarcomatoid type. Understanding 
the role of B cells in specific cancer progression could be 
beneficial for those with pre-existing autoimmune disease 
and cancer diagnosis, allowing for either complementary 
or split treatment should irAEs occur. The clinical appli-
cation of B cell monitoring could lead to earlier irAE 
intervention, reduced irAE severity, and direct treatment 
strategy and/or predict clinical outcomes. More research 
is needed for determining these clinical applications.

In conclusion, we have shown that rituximab was effec-
tive in treating CPI-associated reactivation of primary 
MN. The patient was successfully re-challenged with 
nivolumab and maintained stable kidney function and 
sustained clinical anti-tumor effect. Exacerbation of pre-
existing autoimmune diseases from immune checkpoint 
blockade is common, and therapy for autoimmune reacti-
vation should be rationally directed by an understanding 
of the immunosuppressive mechanism in concert with 
goals of cancer treatment.
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