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Abstract
Immune-checkpoint inhibitors are emerging as revolutionary drugs for certainmalignancies. However, blocking the co-inhibitory
signals may lead to immune-related adverse events, mainly in the spectrum of autoimmune diseases including colitis,
endocrinopathies and nephritis. Here, we report a case of a 75-year-oldmanwithmetastaticmalignantmelanoma treated with a
combination of nivolumab (anti-PD1-antibody) and ipilimumab (anti-CTLA-4 antibody) who developed systemic rash along with
severe acute tubulointerstitial nephritis after two doses of combination therapy. Kidney biopsy and peripheral blood immune
profile revealed highly proliferative and cytotoxic T cell features. Herein, we discuss the pathophysiology and management of
immune checkpoint blockade-related adverse events.
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Background
Immune-checkpoint inhibitors are increasingly used as anti-
cancer agents as more efficacies have been proved in multiple
cancer species, such as melanoma, non-small-cell lung carcin-
oma and renal cell carcinoma [1–4]. On the other hand, the ther-
apy comes with a price: immune-related adverse events (irAE)
occur in up to 60% of treated patients, usually mild to moderate
in grade. The pathophysiology of irAE is considered similar to
that of autoimmune diseases, wherein activated lymphocytes
target self-antigens [5]. Here we report a case of a patient with

metastatic melanoma treated with immune-checkpoint inhibi-
tor combination therapy, who developed acute kidney injury
(AKI), systemic maculopapular rash and fever.

Case report
Clinical history and initial laboratory data

A 75-year-old Caucasian male with essential hypertension and
recurrentmetastaticmelanoma presented with systemicmorbil-
liform rash and AKI. The patient was initially diagnosed with
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invasive cutaneous melanoma of the left nasolabial fold [Ameri-
can Joint Committee of Cancer (AJCC) Stage IIc; T4b, N0, M0. BRAF
V600/NRAS-wild-type] and underwent local excision with clear
margins. Seven months later, he presented with significant
weight loss and a palpable mass in his left submandibular area.
PET-CT revealed an FDG-avid left submandibular lymph node
and a liver lesion without any brain metastasis [AJCC Stage IV,
M1c; Eastern Cooperative Oncology Group (ECOG) performance
status 0]. Biopsy confirmed recurrence of malignant melanoma
and combination therapy of nivolumab (1 mg/kg) and ipilimu-
mab (3 mg/kg) was initiated. Routine blood test after his second
cycle of treatment revealed a creatinine of 3.96 mg/dL, compared
with a baseline of 0.91 mg/dL 3 weeks prior, indicating AKI
(Table 1). Urinalysis revealed 2+ protein (albumin/creatinine
ratio 42.4 mg/gCre), RBC 8/hpf and WBC 9/hpf. Urine sediments
showed granular casts and WBC casts (Figure 1A and B). There
was no history suggestive of dehydration or exposure to nephro-
toxic agents such as antibiotics, contrast or analgesics. His only
medications were nivolumab and ipilimumab. He was allergic
to sulfa and ciprofloxacin.

On physical examination, vitals revealed a temperature of
36.4°C, a pulse of 93/min, a blood pressure at 178/80 mmHg, a
respiratory rate of 20/min and body weight of 73.1 kg (an in-
crease of 5 kg fromhis pre-treatmentweight). A non-tender sub-
mandibular mass was palpable. His lungs were clear to
auscultation and 1+ bilateral lower extremity edema were
noted. A morbilliform eruption rash was noted on his chest, ab-
domen and back (Figure 1C). There was no change in the oral

mucosa. A renal ultrasound showed no evidence of hydrone-
phrosis, although the kidneys were slightly enlarged bilaterally
(right 12.4 cm and left 13.0 cm). The decision was then made to
pursue a kidney biopsy to further define the etiology of the pa-
tient’s severe AKI.

Table 1. Laboratory parameters

Time since last dose of nivolumab/ipilimumab

Baseline 3 weeks 5 weeks (Reference range)

Sodium (mEq/L) 139 141 137 136–145
Potassium (mEq/L) 4.2 4.1 4.1 3.4–5.0
Chloride (mEq/L) 108 114 101 98–107
Bicarbonate (mmol/L) 24 18 16 22–31
BUN (mg/dL) 13 65 73 6–23
Cre (mg/dL) 0.91 3.96 4.64 0.50–1.20
Total bilirubin (mg/dL) 0.7 0.6 0.7 0.0–1.0
LDH (U/L) 188 189 536 135–225
Total protein (g/dL) 9.3 5.1 6.4–8.3
Albumin (g/dL) 3.2 2.6 3.5–5.2
ALT (U/L) 25 33 10–50
AST (U/L) 22 31 10–50
Alkaline phosphatase (U/L) 96 67 35–130
WBC (1000/µL) 7.05 7.52 7.18 4.0–10.0
Hemoglobin (g/dL) 15.6 11.9 10.5 13.5–18.0
Platelets (1000/µL) 250 252 61 150–450
ANA 1:40 (diffuse, speckled)
dsDNA Ab (IU) 25 0–25
Histone Ab (U) 0.7 <1.0
C3 (mg/dL) 120 90–180
C4 (mg/dL) 31 10–40
PPD Negative
Cortisol (in AM, µg/dL) 21.3 6–24
TSH (µIU/mL) 1.35 0.09 0.50–5.70
FT4 (ng/dL) 1.1 1.1 0.9–1.7
THBR 1.17 0.80–1.20
TPO Ab (IU/mL) <10.0 0.0–33.9

ANA, anti-nuclear antibody; PPD, purified protein derivative; TSH, thyroid-stimulating hormone; FT4, free thyroxine; THBR, thyroid hormone binding ratio; TPO Ab,

thyroid peroxidase antibody.

Fig. 1. (A and B) Urine sediment analysis revealed granular cast (A) and WBC

cast (B). (C) Non-pruritic morbilliform erythematous rash on patient’s chest and

abdomen.
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Kidney biopsy

The kidney biopsy contained 34 glomeruli, of which 4 were
globally sclerosed. The remaining glomeruli showed wrinkled
glomerular capillary loops and narrowing of Bowman’s space,
suggestive of hypoperfusion. Cellularity and architecture was
normal and no active inflammation of the tuft, necrotizing
lesions or cellular crescents was noted (not shown). There was
diffuse extensive interstitial inflammation associated with mod-
erate interstitial edema (Figure 2A). The infiltrateswere primarily
composed of lymphocytes and plasma cells with admixed eosi-
nophils and neutrophils. Granuloma or granulomatous lesions
were not noted. Therewere frequent tubulitis and various degen-
erative changes, with focal flattening of the epithelium and
occasional mitoses. Several tubules contained necrotic cellular
debris, granular casts and periodic acid–Schiff-positive hyaline
casts.

Immunofluorescence staining revealed no significant im-
mune deposits in the glomeruli. Tubular basement membranes
showed focal fine granular deposition of C3 (1+). The interstitium
revealed intensefibrin deposits (not shown). Immunohistochem-
istry showed extensive T-cell-dominant infiltrates (Figure 2B and
C), of which ∼10–20% were strongly positive for cytotoxic en-
zymes including granzyme B (Figure 2D) and perforin (Figure 2E).
Foxp3+ regulatory T cells were also present in the interstitium
(Figure 2F).

Clinical follow-up

The patient was treated with a steroid pulse [solumedrol 500 mg
intravenous (IV) × 3 days] followed by a taper (prednisone 60 mg
daily). Although his creatinine initially improved to 2.41 mg/dL
over the course of a week, it had increased to 4.64 mg/dL when
he was readmitted the following week with symptoms of a
fever and a rash (Table 1 and Figure 3). There was no laboratory
evidence of hypophysitis or hepatitis at the time (Table 1). Skin
biopsy revealed interface dermatitis involving adnexal structures
with superficial perivascular lymphohistiocytic infiltrates. Per-
ipheral immune characterization revealed highly proliferative

circulating CD4+ and CD8+ T cells (measured by the percentage
of Ki67+ cells, Figure 4A–C) in combination with an expansion
of effector memory T cells (TEM, CD45RA-negative CCR7-
negative, Figure 4D and E). Furthermore, serum cytokine analysis
revealed a strikingly high level of pro-inflammatory cytokines
(IL-1Ra, CXCL10 and TNF-α) (Figure 4F–H) and soluble IL-2 recep-
tor (32 400 pg/mL; reference range <1033 pg/mL). Due to these
findings, the patient’s steroid dose was increased (solumedrol
140 mg IV twice a day) and mycophenolate mofetil (MMF;
1000 mg twice a day) was added to intensify treatment. Creatin-
ine peaked at 7.31 mg/dL and then improved to 3.37 mg/dL over
10 days (Figure 3). The patient’s rash dramatically improved
and eventually resolved. Two weeks later, the patient was again
admitted with a fever of 38.4°C and 3 days of bloody diarrhea.
While his creatinine had remained stable, he was found to be
pancytopenic (WBC 1.25 × 103/µLwith 92%neutrophils, hemoglo-
bin 9.2 g/dL, platelets 37 × 103/µL). The patient subsequently
developed septic shock and deceased in spite of aggressive treat-
ment with broad-spectrum antibiotics and vasopressor support.
Blood culture turned out to be positive for pan-sensitive Pseudo-
monas aeruginosa. Autopsy demonstrated hemorrhagic colitis
with no histological evidence of viable tumor in his liver.

Discussion
Immune-checkpointmolecules play important roles in tolerance
and cancer immunity. One of the mechanisms by which cancer
cells evade immune surveillance and destruction is cell surface
expression of co-inhibitory molecules such as PD-L1. Immune-
checkpoint inhibitors exhibit immense tumor immunity via
enhancing effector lymphocyte functions to target cancer cells
by uncovering these molecular ‘shields’ [6]. Nevertheless, this
immune enhancement comes at the expense of an increased
risk of irAE (Table 2) [7]. A recent study of nivolumab and ipilimu-
mab combination therapy for melanoma reported higher
treatment-related severe adverse events rates [Common Termin-
ology Criteria for Adverse Events (CTCAE) grade 3 or 4] for dual
therapy (55%) compared with nivolumab or ipilimumab alone

Fig. 2. Light microscopy of the kidney biopsy: (A) Periodic acid–Schiff staining showed severe interstitial infiltration of inflammatory cells, mainly lymphocytes and

neutrophils. (B–F) Immunohistochemistry revealed extensive T-cell infiltration of CD4+ (B) and CD8+ T cells (C). Ten to 20% of the infiltrates were positive for

granzyme B (D) and perforin (E). Foxp3-positive regulatory T cells were also present (F). Scale bars, 100 μm.
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Fig. 4. Immunological characterization of T cells upon anti-PD-1/anti-CTLA-4 therapy. (A) Gating strategy of peripheral bloodmononuclear cells (PBMCs) in flowcytometry

analysis. Patient’s CD8+ or CD4+T cells carried an extremely proliferative phenotype recognized asKi67+ cells (B andC), andmore effector-memory (TEM) T cells identified

as CD45RA-negative CCR7-negative population (D and E) compared with healthy controls. Serum cytokine profile was analyzed using Luminex multiplex panel. Pro-

inflammatory cytokines (IL-1Ra, CXCL10 and TNF-α) were strikingly higher in the patient (F–H). HC; healthy controls.

Fig. 3. Clinical course of the patient. Serum creatinine, timing of nivolumab and ipilimumab administration, kidney biopsy procedure and treatment course are shown.

Time course was described as weeks after the first dose of nivolumab/ipilimumab.
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(16.3 and 27.3%, respectively) [8]. However, severe renal adverse
events (grade 3–4) were still rare (6 cases out of 313) in the com-
bination therapy group.

To our knowledge, this is the first report of biopsy-proven
acute interstitial nephritis (AIN) caused by combination im-
mune-checkpoint inhibitor therapy. Seven cases of ipilimu-
mab-associated AIN were reported in the literature [9–14],
which were recently reviewed by Izzedine et al. [13]. Most of the
cases presented with minimally symptomatic elevation of

creatininewithmild proteinuria 6–12weeks after initiation of ipi-
limumab. Of the four caseswhere biopsywas available, three had
granulomatous tubulointerstitial nephritis while one had mem-
branous lupus nephritis. Unlike these patients, who responded
well to steroid therapy, our patient relapsed 2 weeks later with
a more severe presentation accompanied by systemic rash and
fever. Further immune suppression with combination of high
dose steroid and MMF was required to control the disease activ-
ity. What made our case different from previous cases of AIN?

Table 2. Immune-related adverse events associated with immune-checkpoint inhibitors in melanoma patients

Nivolumab Ipilimumab Nivolumab + ipilimumab

All grade Grade 3/4 All grade Grade 3/4 All grade Grade 3/4

Skin
Pruritus (%) 9–23 <1 24–36 0–1 33–47 2
Rash (%) 9–26 0–1 15–33 0–2 28–55 3–5
Vitiligo (%) 3–11 0 2–4 0 7 0

Gastro-intestinal
Colitis (%) 1–3 <1–2 7–12 5–9 9–23 4–17
Diarrhea (%) 8–20 0–2 23–33 3–10 34–45 6–11

Endocrinopathy
Hypothyroidism (%) 2–9 <1 1.5–4 0 15–16 <1
Hyperthyroidism (%) 1–5 <1 1–2 <1 10 1
Hypophysitis (%) <1 <1 2–4 2 8–12 2–7

Pneumonitis (%) 1–9 0–1 0–2 <1 0–6 1–2
Renal injury (%) 0–1 0–1 0–1 <1 <1 <1

Fig. 5. Dual PD-1/CTLA-4 blockade synergistically breaks the tolerance by unleashing quiescent tissue-specific self-reactive T cells, which express high levels of PD-1. In

the draining lymph nodes (right), regulatory T cells (Tregs) suppress T cells/APCs in a CTLA-4-dependent manner. With CTLA-4 blockade, Tregs lose their suppressive

capacity and an uncontrolled activation of auto-reactive T cells occurs. Those cells then migrate and infiltrate the target tissue (e.g. kidney). In the renal tissue (left,

top), IFN-γ triggers the upregulation of PD-L1 by renal cells, which will bind and signal through PD-1 expressed by T cells, trying to prevent those cells from

proliferating and damaging the tissue. However, when the self-reactive T cells have their PD-1 receptor blocked by the antibody, the PD-1/PD-L1 signaling will be

interrupted and T cells will further proliferate and mature. These T cells will then produce perforin and granzyme B (GrzB), feeding the pathogenic cycle further.

AKI upon immune-checkpoint inhibitor therapy | 415

C
L
IN

IC
A
L
K

ID
N
E
Y
JO

U
R
N
A
L



One possibility is related to the dual immune-checkpoint
inhibition. CTLA-4 regulates peripheral tolerance by modulating
the interaction between antigen-presenting cells and T cells
in secondary lymphoid organs, and CTLA-4 deficiency was
reported to trigger early-onset severe lymphoproliferative auto-
immune syndromes both in human andmouse [15–18] via tissue
self-antigen-specific T-cell activation [19]. On the other hand,
PD-1 contributes to tolerance primarily at the level of target or-
gans. PD-L1 or PD-1 deficient animals do develop autoimmune
phenotype, but in a milder form and later in life [20, 21], which
corroborates data in humans showing that anti-PD-1 therapy
was associated with distinct and less severe irAE profile com-
pared with anti-CTLA-4 therapy [22]. Blocking both pathways
could synergistically potentiate antigen recognition and T-cell
proliferation at lymph nodes [23], and provoke untethered cyto-
toxic T-cell effects in the periphery, not only against tumor but
also against normal tissues (Figure 5). This mechanism is
particularly relevant given mounting evidence that the clonal
deletion of auto-reactive T-cell clones in the thymus is incom-
plete, and a few auto-reactive T cells remain dormant in all
individuals [24, 25].

In our patient, a highly proliferative effector-memory T-cell
phenotype along with aggressive cytotoxic T-cell infiltration
in the kidney (Figures 2 and 4) raises the intriguing possibility
that immune-checkpoint inhibitors unleashed these dormant
auto-reactive T cells, leading to selective tissue injury (Figure 5).

There are unanswered questions on clonality and antigen-
specificity of tissue-infiltrating cells. The observation that certain
tissues seem more prone to irAE while others are spared [5]
suggests tissue-antigen specificity as shown in CTLA-4-deficient
animals [19]. Moreover, some patients develop irAE while others
do not. T-cell receptor repertoire analyses and detailed immune
profile characterization may enable us to risk-stratify patients
and better manage these complications in the future.

Themainstayof irAEmanagement is immune suppression, in-
cluding high-dose steroids, MMF and potentially TNF-α inhibitors
[5], interventions which do not seem to worsen cancer-specific
outcomes [26]. Nevertheless, as our patient tragically demon-
strated, one must be vigilant about the possibility of severe sys-
temic infections in these patients.

In summary, our case highlights the aggressive T-cell-
mediated pathophysiology of irAE, in the setting of immune-
checkpoint inhibitor combination therapy. Early intervention
and fine adjustment of immune modulatory agents is the key to
the management of these complications.
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