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Abstract

Background Immune checkpoint inhibitors (ICls) have provided significant benefits in cancer treatment, but they
could develop immune-related adverse events (irAE). ICl-associated renal adverse effects are rare and tubulointerstitial
nephritis (TIN) is the most common in the renal irAE. However, only a few case reports of renal vasculitis associated
with ICl have been reported. In addition, the characteristics of infiltrating inflammatory cells of ICl-associated TIN and
renal vasculitis have been uncertain.

Case presentation A 65-year-old man received immune checkpoint inhibitors (ICls), anti-CTLA-4 (cytotoxic T-lym-
phocyte-associated protein 4) and anti-PD-1 (programmed cell death 1) antibodies for aggravated metastatic malig-
nant melanoma. About 1 week after the second administration of nivolumab and ipilimumalb, acute kidney injury
developed. A renal biopsy was performed that showed TIN and non-necrotizing granulomatous vasculitis in inter-
lobular arteries. Massive CD3" T cells and CD163" macrophages infiltrated both tubulointerstitium and interlobular
arteries. Many infiltrating cells tested positive for Ki-67 and PD-1 ligand (PD-L1), but negative for PD-1.1n CD3" T cells,
CD8™ T cells were predominantly infiltrated, and these cells were positive for Granzyme B (GrB) and cytotoxic granule
TIA-1, but negative for CD25, indicating antigen-independent activated CD8™ T cells. Infiltration of CD4™ T cells was
noted without obvious CD4T CD25™ regulatory T (Treg) cells. His renal dysfunction recovered within 2 months of
treatment with prednisolone in addition to discontinuation of nivolumab and ipilimumab.

Conclusions We herein reported a case of ICl-related TIN and renal granulomatous vasculitis with infiltration of mas-
sive antigen-independent activated CD8™ T cells and CD163 macrophages, and none or few CD4* CD25™ Treg cells.
These infiltrating cells might be a characteristic of the development of renal irAE.
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Background
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adverse events (irAE) [3]. IrAE includes dermatologic,
gastrointestinal, hepatic, endocrine, and other less com-
mon renal adverse effects [4]. In the kidney, tubulointer-
stitial nephritis (TIN) is the most common pathological
feature of renal irAE. In the TIN in renal irAE, T cells are
predominant infiltrating cells with infiltration of plasma
cells and eosinophils, and its pathologic features are
indistinguishable from those of other drug-induced TIN
[5]. Furthermore, only a few case reports of renal vascu-
litis associated with ICI have been reported [6]. In addi-
tion, the characteristics of infiltrating inflammatory cells
of ICI-associated TIN and renal vasculitis have not been
well investigated.

We experienced a case of ICI-associated TIN with
renal granulomatous vasculitis and analyzed the charac-
teristics of infiltrating cells in the renal irAE. In our case,
dual immune checkpoint pathways, such as programmed
cell death 1 (PD-1) / programmed death-ligand 1 (PD-
L1) and cytotoxic T-lymphocyte-associated protein 4
(CTLA-4)/B7(CD80/CD86) pathways, were inhibited
by ICIs using nivolumab (anti-PD-1 antibody) and ipili-
mumab (anti-CTLA-4 antibody).

Case presentation

A 65-year-old man showing acute kidney injury (AKI)
was referred to the department of nephrology in our hos-
pital. He has been treated for malignant melanoma. His
malignant melanoma under the right first fingernail was
diagnosed 2years ago, and since then, he had shown per-
sistent metastatic lesions at the dorsal side of the right
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first finger, right wrist, and left lumbar back. Each recur-
rence was carefully followed-up with extended resection
and scheduled treatment using ICIs, nivolumab (anti-
PD-1 antibody) 80mg, and ipilimumab (anti-CTLA-4
antibody) 3 mg/kg intravenously every 3 weeks for a total
of 4 doses for aggravated metastatic malignant mela-
noma. His baseline serum creatinine (Cr) was 0.88 mg/dL
and daily oral medication included carvedilol, doxazosin,
bezafibrate, lafutidine, and ezetimibe.

About 1week after the second dose of nivolumab and
ipilimumab, AKI developed. His urinary protein excre-
tion was 0.28 g/g urinary Cr. Urinary microscopic exami-
nation showed no erythrocytes/high power fields. The
laboratory findings were as follows: white blood cells:
4.4 x 10*/uL, hemoglobin: 10.8 g/dL, platelets: 168 x 10*/pL,
serum Cr: 3.51mg/dL, urea nitrogen: 44.7mg/dL,
total protein/albumin: 5.6/2.5g/dL, immunoglobulin G
(IgG): 895mg/dL, and IgA/M: 144/47 mg/dL. C-reactive
protein level was 23.8 mg/dL, and hypocomplementemia
was absent. The anti-neutrophil cytoplasmic antibody
(ANCA) titer for myeloperoxidase (MPO) and proteinase
3 (PR3) was within the normal range. Viral antibodies for
hepatitis B virus, hepatitis C virus, and human immuno-
deficiency virus were negative.

On admission, a renal biopsy was performed and
showed TIN and renal granulomatous vasculitis in inter-
lobular arteries (Fig. 1). Inflammatory cells infiltrated
the interstitium with edema and fibrosis. Necrotizing
and crescentic glomerular lesions could not be seen. The
infiltrating inflammatory cells were mainly composed of

inflammatory cells in the tubulointerstitium. (B) Tubulointerstitial nephritis was noted, but glomerular lesions could not be seen. (C) Mononuclear
cells including eosinophils (arrowhead) infiltrated the interstitium with mild tubulitis (arrow). (D, E) Non-necrotizing and granulomatous vasculitis
developed in interlobular arteries. (F) Infiltration of mononuclear inflammatory cells were found in arterial intima, arterial media (arrowhead), and
the arterial adventitia to the perivascular area without fibrinoid necrosis, indicating non-necrotizing and granulomatous arteritis. (A-C) HE stain;

(D-F) PAM stain; (A) x 100, (B) x 200; (C, F) x 1,000; (D, E) x 400
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mononuclear cells and a few eosinophils with mild tubu-
litis. The inflammatory cells had also accumulated within
and around interlobular arteries without necrotic lesions,
indicating the development of non-necrotizing granu-
lomatous arteritis. Immunofluorescence staining showed
no obvious deposition of immunoglobulins and comple-
ments in both glomeruli and tubulointerstitium. In the
immunohistochemistry for vasculitis lesion (Fig. 2A-])
and TIN lesion (Fig. 2K-O), the infiltrating cells were
composed of high numbers of CD3" T cells and CD163"
macrophages. Many of these cells had Ki-67 positive
nuclei, indicating the proliferation in situ. Inflammatory
cells were almost negative for PD-1, while they had a sig-
nificant expression of PD-L1. Many CD3" T cells demon-
strated predominantly CD8' T cells than CD4" T cells,
many of which were negative for CD25, but positive for
granzyme B (GrB) and cytotoxic granule T cell intracel-
lular antigen 1 (TIA — 1), indicating antigen-independent
activated CD8" T cells. CD4" T cells had a slightly fewer
distribution than CD8" T cells, and CD25 was negative,
indicating no or a small number of CD4" CD25™ regula-
tory T (Treg) cells. In our case, many antigen-independ-
ent activated CD8" T cells and CD163" macrophages,
and none or few CD4" CD25% Treg cells might be
involved in the development of TIN and granulomatous
vasculitis in renal irAE.
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Fig. 2 Characteristics of inflammatory cells in the granulomatous arteritis and tubulointerstitial nephritis. In renal granulomato
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After the renal biopsy, nivolumab and ipilimumab were
stopped and prednisolone 50mg/day was started as a
treatment for ICI-related AKIL Serum Cr levels recovered
from 3.51mg/dL to 1.07mg/dL within 2months after
treatment, and his renal function was stable thereafter
with gradually tapered prednisolone. Nine months after
stopping ICI, nivolumab monotherapy 240mg intrave-
nously was started for metastatic melanoma, and stable
renal function continued for 11 months with nivolumab
monotherapy.

Discussion and conclusions

Although ICIs have been proven to greatly contribute to
many malignancy treatments including metastatic mela-
noma [1, 2], excessive immune activation results in the
development of irAE [3]. The mechanism of irAE has
been uncertain. However, combination therapy using an
anti-CTLA-4 antibody and anti-PD-1 antibody appears
to be associated with more severe grade toxicities [7].

In the immune system, after elimination by central tol-
erance mechanisms of the thymus, self-reactive lympho-
cytes are controlled by peripheral tolerance mechanisms.
To maintain peripheral tolerance, both PD-1/PD-L1
and CTLA-4/B7 (CD80/CD86) pathways have a sig-
nificant role in the inhibition of self-immune responses.
Nivolumab is a monoclonal antibody to PD-1 on T cells,
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many CD3™ T cells (A) and CD163* macrophages (B) infiltrated the arterial intima, media, and adventitia up to around the interlobular artery. Many
infiltrative inflammatory cells were positive for Ki67 (C), indicating that infiltrating cells were proliferating in the vasculitis lesion. (D, E) Inflammatory
cells were PD-1 negative and PD-L1 positive. (F, G) In CD3 cells, abundant CD8™ T cells and less predominantly CD4* T cells were noted. (H) Only
afew CD25™ cells (arrowhead) were detected, however almost all cells were negative for CD25. Infiltrating cells were positive for granzyme B (GrB)
(arrow in 1) and cytotoxic granule T cell intracellular antigen 1 (TIA-1) (J), indicating effector and cytotoxic T cells. In tubulointerstitial nephritis (K-O),
a similar phenotype of infiltrating cells, such as CD3* T cells (K), predominantly CD8™ T cells (L), without CD25 expression (M), but positive for TIA-1
(N) were noted in interstitium. (O) Many CD163" macrophages were also evident in intersitium. (A-G, K-M, O) x 200; (H-J, N) x 400
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which blocks the PD-1/PD-L1 pathway and results in the
enhancement of self-inflammatory responses of irAE,
including renal irAE [8]. Ipilimumab is a monoclonal
antibody to CTLA-4, which blocks the inhibitory signals
of CTLA-4/B7 (CD80/CD86) pathway on T cells as well
as an exclusive function by Treg cells, and leads to break-
down the inhibitory immune response [9].

Proton pump inhibitor (PPI) is reported as a risk fac-
tor for ICI-related AKI [10]. In addition, it has been
proposed that ICI may induce PPI and nonsteroidal anti-
inflammatory drugs (NSAIDs) related AKI by modifying
the T cell immune system which maintains tissue toler-
ance [11]. In our case, both PPI and NSAIDs were not
prescribed throughout his treatment. The inhibition of
dual immune-checkpoint pathways, PD-1/PD-L1 as well
as CTLA-4/B7 pathways, therefore, might be associated
with the enhancement of self-immune responses, which
resulted in TIN and renal granulomatous vasculitis.

The current recommendations by major
ties including American Society of Clinical Oncology
(ASCO), National Comprehensive Cancer Network
(NCCN), and Society for Immunotherapy of Cancer
(SITC) advocate that ICI treatment should be stopped
when the serum Cr is increased three times more than the
baseline serum Cr which means Grade 3 of kidney irAE
[12]. In our case, therefore, ICIs including nivolumab and
ipilimumab were stopped and prednisolone was started,
and AKI was recovered within 2 months.

Daxini, et al. [13] reported a review of 20 cases of vas-
culitis associated with ICI, and ICI-related vasculitis
could affect small to large vessels in any organs including
the central and peripheral nervous system, uterine and
ovarian vessels, retina, peritoneum, and aorta. Giant cell
arteritis and granulomatosis with polyangiitis also devel-
oped. The pathologic features in each case showed lym-
phocytic vasculitis with or without systemic symptoms.
Especially in small vessel vasculitis, fibrinoid necrosis
or/and granulomatous lesion were noted [13—15]. Renal
small to medium-sized vasculitis without ANCA is a rare
complication of ICI-related kidney injury [16]. In our
case, AKI was shown without manifestations of systemic
symptoms, indicating renal limited irAE. In addition,
TIN as well as non-necrotizing renal granulomatous
vasculitis developed in renal irAE.

The pathologic features of immunohistochemical stain-
ing in our case revealed massive infiltration of CD3" CD8"
T cells in both the interstitium and the interlobular arter-
ies in the renal irAE. Most CD3" CD8" T cells were nega-
tive for CD25 and PD-1, but positive for GrB and TIA-1.
CD25 is the alpha chain of the trimeric IL-2 receptor and
is considered to be the important marker of CD3" T cell
activation, including both CD8' T cell and CD4" T cell
activation, especially antigen-dependent T cell activation

socie-
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[17]. GrB and TIA-1 are cytotoxic granules in cytotoxic T
cells and natural killer cells. These findings indicated that
CD8" T cells with CD25~ PD-1~ GrB™ and TIA-17 cells
might be characterized by antigen-independent cytotoxic
CD8" T cells. In polyarteritis nodosa, known as medium-
sized systemic vasculitis, Kobayashi, et al. reported that
infiltrating activated CD8" T cells in cutaneous vasculi-
tis represent markers suggesting antigen-independent
activation: GrB* CD25~ and PD-1" [18]. Tietze, et al.
reported that cytokine-based cancer immunotherapy
developed antigen-nonspecific activated CD8% T cells
which show the same phenotype: GrBT CD25~ and
PD-1" [19]. In vitro experiments, murine CD8" T cells
treated by IL-2 alone (antigen-independent stimulation
of T cells) showed a low expression of CD25 and PD-1.
These findings support that, in our case, ICIs mediated
the expansion of antigen-independent activated CD8" T
cells whose phenotype was GrB™ CD25~ and PD-17, and
might induce the TIN and renal vasculitis in renal irAE.
In addition to the infiltration of CD8" T cells, CD4" T
cells also infiltrated in the TIN and vasculitis lesions.
Most CD4" T cells were negative for CD25, indicating
that none or few CD4" CD25" Treg cells were noted in
TIN and vasculitis lesions.

In our case, massive CD163" macrophages also infil-
trated both the vascular area and the interstitium.
CD163 is well known as a marker of M2 macrophage.
In small vessel vasculitis, urinary soluble CD163 level
is known as a significantly better biomarker for active
renal vasculitis [20]. In irAE, Tabie, et al. reported
a case of acute TIN with infiltration of CD163" M2
macrophages induced by ICI [21]. We considered that
CD163" macrophages were involved in the develop-
ment of ICI-associated TIN and renal granulomatous
vasculitis in the present case.

In this report, we experienced a rare renal irAE, TIN
and non-necrotizing renal granulomatous vasculitis with
infiltration of many antigen-independent activated CD8"
T cells, massive CD163" macrophages, and no or a small
number of CD4" CD25" Treg cells. These inflamma-
tory cells might be involved in the development of ICI-
induced TIN and renal granulomatous vasculitis.

Abbreviations
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CTLA-4 Cytotoxic T-lymphocyte-associated protein 4)
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TIA =1 Cytotoxic granule T cell intracellular antigen 1
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