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Anti-glomerular basement membrane glomerulonephritis concurrent
with membranous nephropathy and acute tubular interstitial nephritis
in a lung cancer patient treated with pembrolizumab
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Abstract

Immune checkpoint inhibitors (ICIs) have become the standard treatment for many types of cancer and have improved patient
prognosis. However, ICIs upregulate the immune system against tumors, leading to immune-related adverse events (irAEs).
Kidney irAEs are less common, and most of them are acute tubulointerstitial nephritis (ATIN). However, there has been a
recent increase in recognition of glomerular disease related to ICI therapies. We report the case of a 65-year-old man with
lung adenocarcinoma who was treated with pembrolizumab (a monoclonal antibody targeting programmed cell death pro-
tein-1 [PD-1]). Pembrolizumab was discontinued after seven cycles due to the development of destructive thyroiditis. Within
three months of discontinuing the pembrolizumab treatment, the patient developed rapid progressive glomerulonephritis
(RPGN), liver dysfunction, and dysgeusia. The patient underwent renal biopsy and was diagnosed with crescentic glo-
merulonephritis due to anti-glomerular basement membrane (GBM) antibodies complicated with membranous nephropathy
(MN) and ATIN. Treatment with systemic corticosteroids resulted in a favorable clinical response. Various ICI-associated
glomerular diseases have been described; however, this is the first reported case of anti-GBM glomerulonephritis associated

with MN and ATIN following ICI treatment.
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Introduction

Immune checkpoint inhibitor (ICI) therapies have dra-
matically changed cancer treatment and have improved the
prognosis of many patients. However, the same mechanisms
that activate antitumor immunity can lead to adverse effects,
which are characterized as immune-related adverse events
(irAEs). Several organs are affected by irAEs; however,
adverse kidney effects are rare [1]. The incidence of kid-
ney irAEs with monotherapy with ICIs is 2%, while that
with combination therapy approaches 5% [1]. Although
the most common pathology of kidney irAEs is acute kid-
ney injury (AKI) due to acute tubulointerstitial nephritis
(ATIN), there are increasing reports of glomerular diseases
related to ICI therapies [2]. Kithlu et al. reviewed 45 cases
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of biopsy-confirmed ICI-related glomerular diseases and
reported that the most frequent types were pauci-immune
glomerulonephritis and renal vasculitis (27%), podocytopa-
thies (24%), and complement 3 glomerulonephritis (11%)
[3]. Concurrent ATIN has been reported in 41% of the cases
(31.

Herein, we report the first case of a patient who developed
anti-glomerular basement membrane (GBM) glomerulone-
phritis and membranous nephropathy (MN) with ATIN after
treatment with pembrolizumab.

Case report

A 65-year-old Japanese man presented to our hospital with
rapid progressive glomerulonephritis (RPGN) in May 2021.
He was diagnosed with lung adenocarcinoma in August
2020 and was administered pembrolizumab (4 mg/kg) every
three weeks until October 2020. At this time, his kidney
function was normal (creatinine=0.59 mg/dL). After two
cycles, his urinalysis revealed hematuria. Pembrolizumab
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was discontinued after seven cycles due to the development
of destructive thyroiditis in February 2021. Proteinuria was
observed in March 2021. He noticed dysgeusia, and labora-
tory tests indicated an elevated C-reactive protein (CRP)
level (8.93 mg/dL) in April 2021. Computed tomography
(CT) performed then did not show any remarkable changes,
which could explain the elevation in CRP levels. In May
2021, his loss of appetite progressed, and laboratory results
indicated acute kidney injury and liver dysfunction. The
patient was referred to the Nephrology Department. He
had no personal or family history of chronic kidney dis-
ease. The patient denied exposure to nephrotoxic agents
except for pembrolizumab. He was taking levothyrox-
ine (75 pg) for destructive thyroiditis. His blood pressure
was 146/87 mmHg. The results of the remaining physical
examinations were normal. Laboratory findings indicated
an elevated serum creatinine level (2.6 mg/dL) with a uri-
nary protein-to-creatinine ratio of 2.22 g/g, an alkaline
phosphatase level of 412 U/L, an aspartate aminotrans-
ferase level of 73 U/L, an alanine aminotransferase level
of 125 U/L, and an elevated CRP level of 27.39 mg/dL.
Urinalysis revealed the presence of dysmorphic erythrocytes
and granular casts. Serologic testing was weakly positive
for anti-GBM antibody (5 U/mL), positive for antinuclear
antibody (homogeneous and speckled pattern 160 times)
and lupus anticoagulant (1.4 s), but negative for specific
antibodies for systemic lupus erythematosus, such as anti-
double strand DNA antibody and anti-Smith antibody. The
complementary levels were normal. The markers of other
vasculitis types, such as myeloperoxidase antineutrophil
cytoplasmic antibody (ANCA) and proteinase 3-ANCA,
were negative. Tubular markers were slightly increased
(urine N-acetyl-beta-D-glucosaminidase, 52.3 IU/L; urine
neutrophil gelatinase-associated lipocalin, 85 pg/g Cre). CT
scan of the abdomen revealed a slight swelling in the kidneys
bilaterally. RPGN and liver dysfunction were suspected as
irAEs, and the patient was treated with pulse intravenous
methylprednisolone (500 mg daily for three days), followed
by 1 mg/kg/day of prednisolone.

A renal biopsy from his left kidney performed five days
after admission showed diffuse interstitial infiltration of
lymphocytes at lower magnification (Fig. 1A) and diffuse
crescent formation (14 of 29 glomeruli with cellular cres-
cents and 8 of 29 with fibrocellular crescents) (Fig. 1B).
Tubular atrophy and severe interstitial inflammation were
seen around a normal glomerulus (Fig. 1C). Membrane
alterations (spikes and thickening) were not visible by light
microscopy. Immunofluorescence revealed linear and par-
tially granular staining of the glomerular capillary loops for
IgG (2+), IgA (1+), and C3 (1 +) (Fig. 2A). IgG1 and 1gG3
were predominantly stained in glomerular capillary loops
(Fig. 2B). Immunofluorescence results were negative for
glomerular phospholipase A2 receptor (PLA2R) expression

(data not shown). Electron microscopy revealed electron-
dense deposits in the subepithelial and mesangial regions,
thickening and irregularity of the GBM, and extensive
podocyte foot process effacement (Fig. 3A, B). Based on
the above findings, the patient was diagnosed with crescentic
glomerulonephritis due to anti-GBM antibodies complicated
with MN and ATIN.

The clinical course of the patient is shown in Fig. 4.
Although his creatinine levels eventually increased to a peak
of 3 mg/dL, after nine months it improved to 1.54 mg/dL,
and active urinary sediment resolved with a reduced protein-
to-creatinine ratio of 0.45 g/g. The prednisolone dose was
successfully tapered to 2.5 mg/day. The levels of CRP and
hepatobiliary enzymes immediately decreased after corti-
costeroid initiation, and he gained appetite. In October 2021,
CT scans showed that his primary lung cancer had enlarged;
thus, carboplatin and paclitaxel were initiated.

Discussion

Glomerular diseases with several pathologies related to kid-
ney irAEs have been reported in the last few years. There
are only three cases of anti-GBM glomerulonephritis and
only two cases of MN associated with ICIs [4—8]; how-
ever, none of the cases of anti-GBM glomerulonephritis are
accompanied by MN. To the best of our knowledge, this is
the first report with such a condition. Anti-GBM glomeru-
lonephritis typically presents with RPGN with or without
pulmonary hemorrhage. Its histopathological features are
linear GBM staining for IgG by immunofluorescence and
diffuse crescentic glomerulonephritis affecting more than
half of the glomeruli by light microscopy. The target anti-
gen has been identified as the non-collagenous domain of
the a3 chain of type IV collagen in GBM. In our case, the
serum anti-GBM antibody was weakly positive; however,
we diagnosed anti-GBM glomerulonephritis with diffuse
crescentic formation and linear IgG staining. Nasr et al.
reported 20 cases of atypical anti-GBM glomerulonephritis
typified by linear GBM staining for immunoglobulins but
without a diffuse crescentic formation and serum anti-GBM
antibody [9]. The clinical features of this type of glomeru-
lonephritis include hematuria, proteinuria, and mild renal
insufficiency (mean serum creatinine, 2.2 mg/dL), without
pulmonary hemorrhage. In histopathological aspects, all
cases showed mesangial and/or endocapillary hypercel-
lularity, and focal crescents and/or fibrinoid necrosis were
seen in 40% of cases. One of the three reports of anti-GBM
glomerulonephritis related to irAEs was an atypical type
[6]. They reported that after half a year of anti-CTLA-4
blockage therapy, the patient developed focal crescentic,
proliferative, and sclerosing glomerulonephritis with linear
IgG deposition without serum anti-GBM antibody. Oral
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Fig. 1 Pathological findings of renal biopsy A The view at lower
magnification shows diffuse interstitial infiltration of lymphocytes.
(original magnification: 40x; Masson’s trichrome staining). B The
representative glomerulus shows the entire circumference of cellu-

cyclophosphamide and corticosteroids were initiated, which
stabilized his renal function. Our case and Kyriazis’s case [6]
are similar in many aspects, such as low titer of anti-GBM
antibody and good renal prognosis after ICI therapy, but dif-
fer in the formation of diffuse and focal crescents. Our case
is unique in having a good renal prognosis in spite of diffuse
crescent formations. A systemic review of glomerular dis-
ease related to irAE showed that only two out of 12 patients

@ Springer

lar crescents that disrupt the Bowman capsule. (periodic acid-Schiff
(PAS), original magnification: 200x). C Tubular atrophy and severe
interstitial inflammation are shown around a normal glomerulus.
(PAS, original magnification: 200x)

with pauci-immune glomerulonephritis had positive ANCA
serology [3]. According to previous reports, glomerulone-
phritis related to irAEs is often serologically negative for
ANCA or anti-GBM antibodies. One possible reason is that
the autoantibodies acquired by ICI administration may have
a different epitope than the typical ones.

The staining of IgG subclasses was useful for our diag-
nosis because of the combination of MN and anti-GBM



CEN Case Reports (2023) 12:230-236 233

Fig.2 Immunofluorescence microscopy findings of renal biopsy A fluorescence microscopy demonstrates that IgG1 and IgG3 are domi-
Immunofluorescence microscopy demonstrates that IgG is linear and nantly stained in glomerular capillary loops. (original magnification:
partially granular stained, and IgA and C3 are granular stained in glo- 400x)

merular capillary loops. (original magnification: 400x) B Immuno-
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Fig. 3 Electron microscopy findings of renal biopsy (A, B). Electron microscopy reveals electron-dense deposits at the subepithelial and mesan-
gial regions (arrow), thickened and irregular GBM, and extensive podocyte foot process effacement. (original magnification: 6000x)

Fig.4 The patient’s clinical
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glomerulonephritis. Human IgG is categorized into four
subclasses (IgG1, IgG2, IgG3, and 1gG4). Qu Z et al.
reported the distribution of IgG subclass deposition in
renal biopsy specimens from 46 patients with anti-GBM
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glomerulonephritis [10]. Anti-GBM IgG3 was detected in all
patients (100%), IgG2 in 47.8%, 1gG1 in 19.6%, and IgG4 in
15.2%. They also found that patients with strong linear stain-
ing of IgG3 along the GBM presented with lower creatinine
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levels than those with weak IgG3 staining. Although not sta-
tistically significant, the levels of anti-GBM antibodies also
appeared to be lower in patients with strong IgG3 deposits
than in those with weak IgG3 deposits. These features apply
to our case, which predominantly showed IgG1 and 1gG3
deposition along the GBM, low levels of serum creatinine,
and weakly positive anti-GBM antibodies. Zhao J et al.
demonstrated that subclasses of anti-GBM IgG were not
restricted to specific types in the sera of anti-GBM patients,
but the frequency of IgG1 and IgG3 increased while renal
function decreased [11]. These results suggest that IgG1
and IgG3 subclasses are associated with disease severity.
In particular, IgG3 binds complement 1q and mediates
complement-associated inflammatory response [12]. The
antibodies detected on primary MN, such as PLA2R and
thrombospondin type 1 domain—containing 7A, belong to
the IgG4 subclass [13]. The predominant deposition of IgG1
and IgG3 also indicates that MN concurrent with anti-GBM
glomerulonephritis is secondary MN. The negative staining
of the anti-PLLA2R antibody in our case was consistent with
these findings.

At the tissue level, cancer cells avoid an immune response
through the expression of ligands such as programmed cell
death protein ligand-1 (PD-L1) and PD-L2, which deacti-
vate T-cells by binding to PD-1 receptors expressed on their
surface. The PD-1 inhibitors, which interrupt the interaction
between PD-L1 and the T-cell PD-1 receptor, allow acti-
vated T-cells to identify and destroy cancer cells [2]. Several
studies have revealed that T-cell-mediated cellular immune
responses may be the most crucial mediators inducing anti-
GBM glomerulonephritis in humans and mice [14-18].
T-cell activation caused by PD-1 inhibitors is likely to trig-
ger anti-GBM glomerulonephritis.

Our case is the first report of combined anti-GBM glo-
merulonephritis and MN associated with ICI therapy, how-
ever, the combination of these two diseases has already been
documented. Jia X et al. reported that eight patients with
combined anti-GBM glomerulonephritis and MN presented
significantly lower levels of serum creatinine at diagnosis,
a lower level of oliguria/anuria and gross hematuria, and
a higher level of urinary protein excretion compared with
anti-GBM glomerulonephritis without MN [19]. Although
the difference was not significant, biopsies from anti-GBM
glomerulonephritis patients with MN showed fewer cres-
cents in the glomeruli. This could be related to the fact that
patients with MN had significantly better renal outcomes
than those without. They reported that 62.5% of patients
with MN recovered their renal function after treatment,
compared to 86.7% of patients with anti-GBM glomerulo-
nephritis without MN progressing to end-stage kidney dis-
ease. In 2021, Ahamad et al. reported that only two of the 12
anti-GBM glomerulonephritis patients with MN recovered
their renal function, seven remained dialysis-dependent,

and three required kidney transplantation [20]. The reasons
why the renal outcome was different between the two reports
were that the patients reported by Jia et al. were younger
than those reported by Ahamad et al. (32 vs. 55 years old)
and their creatinine levels on diagnosis were lower (5.2 vs.
9.8 mg/dL in the Ahamad et al. group). Two reports com-
monly documented that the positive ratio of PLA2R staining
in renal biopsies was low (1/4 in the Jia et al. group and 1/5
in the Ahamad et al. group). Our patient was also negative
for PLA2R staining. This feature could indicate that MN
combined with anti-GBM glomerulonephritis occurs sec-
ondary to GBM damage, leading to epitope exposure and
subsequent formation of antibodies. However, in previous
report [20] and in our case the stages of MN were 1-2 which
suggests that MN preceded anti-GBM glomerulonephritis.
In our case, it is possible that secondary MN was caused
by lung cancer. Constant follow-up after ICI therapy and
early corticosteroid induction against irAE accompanied by
liver dysfunction and dysgeusia may have led to good renal
outcomes in our patient.

In our case, whether anti-GBM glomerulonephritis
was related to ICI therapy remains inconclusive because it
occurred three months after the completion of ICI therapy.
In a study, Kichlu et al. showed that the median time to
initiation of ICI therapies to diagnose the secondary glo-
merular disease as an irAE was three months; however, in
a few cases, it was even more than three months after the
therapy had been discontinued [3]. Nevertheless, whether
ICI therapies create long-term risks for irAEs is unknown.

Here, we report a case of anti-GBM glomerulonephritis
accompanied by MN and ATIN that occurred three months
after ICI therapy. Staining of the IgG subclass and the find-
ings of electron microscopy were useful for diagnosis.
Early initiation of corticosteroids results in favorable renal
outcomes.
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