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Abstract

A 63-year-old man with pulmonary adenocarcinoma was treated with nivolumab. High fever
developed within several hours after the first administration of nivolumab; subsequently, se-
rum creatinine levels kept increasing daily. We diagnosed acute kidney injury (AKI) as an im-
mune-related adverse event; the patient was initially treated with 50 mg prednisolone, and
the dose was then tapered. Renal biopsy pathologically revealed tubulointerstitial inflamma-
tion with strong infiltration of only T cells that were CD3*, CD4*, and CD8". The infiltration of
CD163* M2 macrophage was also observed. AKI within 1 week after the administration of
nivolumab seems to be rare; therefore, the present case provides important findings useful

in daily clinical practice. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction
Immune checkpoint inhibitors (ICIs) have recently emerged as a frontline treatment for an

increasing number of non-small cell lung cancers (NSCLCs), because of their long-term tumor
control and extended patient survival. Programmed cell death-1 (PD-1) antibodies including
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Fig. 1. Clinical course after the first dose of nivolumab. High fever occurred immediately after the adminis-
tration of nivolumab, and the patient’s serum creatinine level rapidly increased within several days. Cortico-
steroid therapy was effective for treating renal failure. The high fever resolved, and serum creatinine levels
improved remarkably.

nivolumab have antitumor activity as they target PD-1 or programmed cell death ligand 1
(PD-L1). Various immune-related adverse events (irAEs) have been also reported [1]. However,
the incidence of renal adverse effects induced by ICIs was relatively low in previous randomized
clinical trials [2, 3]. Furthermore, there has been no report concerning rapid progressive acute
kidney injury (AKI) within several days. Therefore, herein, we describe a case of rapidly
progressive severe AKI associated with nivolumab treatment for locally advanced NSCLC.

Case Report

A 63-year-old man with a locally advanced pulmonary adenocarcinoma without any
oncogenic driver mutation (cT3N2MO, stage I1IB) received combination chemotherapy of
docetaxel and cisplatin with concomitant thoracic irradiation [4] in May 2018. After receiving
the first cycle of chemotherapy, he developed an abscess in contact with the primary lesion
in the right upper lobe. Therefore, we were compelled to discontinue chemoradiotherapy
owing to the need for antibiotic therapy for the pulmonary abscess (tazobactam/piperacillin
4.5 g, 3 times/day). Although the results of the blood culture were negative, we changed the
regimen toamoxicillin hydrate and potassium clavulanate as partof “de-escalation” (switching
to or interrupting a drug class resulting in a narrow spectrum of coverage) and continued this
treatment for 6 weeks [5]. We were concerned about the exacerbation of the pulmonary
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Fig. 2. Hematoxylin and eosin stain (a, b), and periodic acid methenamine silver stain (c). Pathological find-
ings of the biopsied specimen obtained from the left kidney showed acute tubulointerstitial nephritis. Severe
tubulointerstitial inflammation, tubular atrophy, and an area of interstitial edema with mononuclear cells
and eosinophils were observed.

abscess if we were to retry treatment with cisplatin and docetaxel. Because PD-L1 was
expressed in more than 50% of the cancer cells in the specimen obtained via bronchoscopy
(the tumor proportion score was approximately 95%), we selected nivolumab as second-line
chemotherapy. Therefore, our patient received 170 mg (3 mg/kg) nivolumab intravenously
in June 2018.

However, the patient experienced shaking chills and developed high fever within several
hours after the administration of nivolumab, suggesting the manifestation of an infusion
reaction. The patient’s body temperature was nearly 40°C, blood pressure (BP) was 140/76
mm Hg, heart rate (HR) was 60 bpm, and blood oxygen saturation (Sp0O,) was 96% without
oxygen inhalation; no anaphylactic reactions were observed. The patient was treated with
acetaminophen-containing tablets, but his fever persisted over a period of time. On day 4
after receiving the first dose of nivolumab, his serum creatinine level was elevated (4.61 mg/
dL) and was increasing everyday (Fig. 1).

AKI was suspected to be induced by nivolumab, and the patient was treated with 50 mg
prednisolone on day 5 on the suggestion of a nephrologist. Inmediately after the adminis-
tration of prednisolone, his serum creatinine level gradually started decreasing. The dose of
prednisolone was tapered by 10 mg per week (Fig. 1).

On day 8 of nivolumab treatment (3 days after the start of prednisolone), we performed
a renal biopsy. The pathological examination of the biopsy specimen obtained from the left
kidney showed acute tubulointerstitial nephritis (Fig. 2). Severe tubulointerstitial inflam-
mation, tubular atrophy, and an area of interstitial edema with mononuclear cells and eosin-
ophils were observed. Immunohistochemical staining showed the infiltration of CD3* T cells,
CD4* helper T cells, and CD8* cytotoxic T cells without CD20* B cell infiltration (Fig. 3). The
infiltration of CD68" and CD163* macrophage was also observed. The drug-induced
lymphocyte stimulation test (DLST) result was negative for nivolumab, rabeprazole, and
amoxicillin.

After discharge in August 2018, computed tomography scans of the chest showed
remarkable tumor shrinkage (Fig. 4).

Discussion
We encountered a case of AKI induced by nivolumab for the treatment of advanced

NSCLC. While many cases have shown various irAEs associated with ICIs, AKI is relatively
rare. Cortazar et al. [6] analyzed and reported data from published phase 2 and 3 clinical
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Fig. 3. Immunohistochemical staining showed the infiltration of CD3* T cells, CD4* helper T cells, and CD8*
cytotoxic T cells without CD20* B cell infiltration. The infiltration of CD68" and CD163* macrophage was also
observed. Only T cell response and macrophage growth were microscopically evident on immunostaining.

Fig. 4. Computed tomography scan of the chest before treatment with nivolumab showed a mass in the right
upper lobe of the lung (a). The tumor shrunk with cavity formation and maintained regressing on day 45 af-
ter the first dose of nivolumab (b).

trials of patients with adverse renal outcomes and found the overall incidence of AKI to be
2.2% among a total of 3,695 patients. AKI occurred in patients who received monotherapy
using ipilimumab (2.0%), nivolumab (1.9%), or pembrolizumab (1.4%) [6]. However, an
increasing number of cases of AKI have been reported due to its recent widespread avail-
ability for various malignancies. For example, severe acute interstitial nephritis has been
reported after two doses of combination ICIs including nivolumab and ipilimumab for meta-
static melanoma [7]. In addition, acute tubulointerstitial nephritis (ATIN) has been reported
[8, 9]. In these cases, the symptoms have been reported to occur 6-12 weeks after the initial
dose of ICIs; while in the present case, rapid progression of renal dysfunction was observed
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within several days. To the best of our knowledge, AKI within 1 week after the adminis-
tration of nivolumab is rare; therefore, our case provides important findings useful in daily
clinical practice.

The pathological findings of specimen obtained by renal biopsy showed severe ATIN with
marked infiltration of CD3* T cells, CD4* T cells, and CD8* T cells, which is consistent with the
summary of previous reports concerning tubulointerstitial infiltrating cells in ICI-induced
ATIN described by Tabei et al. [10]. These findings suggest that T cells play important roles
in establishing ATIN by ICIs. The infiltration of CD163* M2 macrophage was also observed in
the present case. M2 macrophages are considered to tune the inflammatory response, thereby
promoting tissue remodeling or repair and sometimes driving the fibrotic response during
tissue injury [10]. In the present case, CD163* M2 macrophages seemed to be induced by
corticosteroid administration.

The pathogenesis of ICI-induced kidney injury is unknown. However, several potential
hypothetical explanations have recently been described. Cortazar et al. [11] discussed two
main hypotheses of renal failure induced by ICI. One is breakdown of immune tolerance due
to endogenous antigens, and the other is breakdown of immune tolerance due to combination
drugs. The latter hypothesis is based on a previous report that 14 out of 19 ATIN patients,
while using ICIs, combined suspected drugs such as proton pump inhibitor (PPI) and NSAIDs
for drug-induced interstitial nephritis [11]. Similarly, Perazella et al. [12] reviewed nephro-
toxicity in cancer immunotherapies and discussed the mechanisms underlying ICI-induced
kidney injury. Among them, we consider two hypotheses for the pathogenesis of AKI in the
present case.

Firstly, the formation of new or reactivated T cells against tumor antigens may cross-
react with off-target kidney tissues. The loss of peripheral tolerance of autoreactive T cells
against tubular cells is hypothesized as an underlying mechanism of ICI-induced tubulointer-
stitial nephritis. In addition, certain tissues may normally express checkpoint receptors that
then bind to anti-ICI antibodies, triggering an immune reaction against that tissue. PD-L1 is
expressed on renal tubular epithelial cells [13]. In the present case, the SP263 assay, one of
the PD-L1 immunohistochemistry assays, exhibited PD-L1 positivity of some cells on the
epithelial cell membrane of the tubule (data not shown). The results of the PD-L1 immuno-
histochemistry assays are consistent with previous studies and support the mechanism for
drug-induced nephropathy.

Secondly, the reactivation of drug-specific T cells through ICI-induced loss of tolerance
seems to be another mechanism of ICI-induced ATIN [14]. In two published series, many of
the patients had concomitant administration of drugs known to cause ATIN (nonsteroidal
anti-inflammatory drugs, PP], etc). In a previous case, lansoprazole contributed to the devel-
opment of ATIN during nivolumab therapy. The authors of that case also described the impor-
tance of recognizing concomitant medications causing AKI associated with PD-1 blockade by
ICls. In that case, the blockade of the intrinsic PD-1 signaling pathway by anti-PD-1 therapy
possibly disrupted the patients’ long-standing immunological tolerance against lansoprazole
by modulating T-cell immunoreactivity [15]. Therefore, we should also consider the possi-
bility of PPI-induced AKI triggered by nivolumab in our patient. In contrast, our case had been
treated with antibiotics including penicillin known to be causal drugs for ATIN. PPI and/or
antibiotics might have caused ATIN in the present case. We should give scrupulous attention
to nivolumab treatment in case with co-administered PPI and antibiotics.

In conclusion, we report a rare case of nivolumab-induced ATIN. To our knowledge, this
is the first report of a rapid irAE affecting renal function. There are a few reports about irAEs
of AKI, and further investigations are needed to determine the mechanism of how ICIs affect
the kidneys. Nevertheless, if irAEs occur, prompt treatment is needed to prevent patient
death.
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