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Abstract

Background: Pembrolizumab, a highly selective humanized monoclonal IgG4k isotype antibody against PD-1, is

one of the immune checkpoint inhibitors approved for treatment of various cancers. The most frequent immune-
related adverse events include skin, gastrointestinal, and endocrine abnormalities. In rare cases, however, adverse
events on the kidney do occur.

Case presentation: \We here report a case of acute kidney injury presenting thrombocytopenia and hemolytic
anemia with the presence of schistocytes, which developed in a 68-year-old man with urothelial cancer, 7 months
after initiation of pembrolizumab treatment (10 cycles) and 3 weeks after treatment cessation. The patient had
previously undergone unilateral nephrectomy and prior treatment with combined gemcitabine and carboplatin
regimen. Although corticosteroid, hemodialysis, and plasma exchange were initiated, the patient died within a few
days of respiratory failure. Pathological examination at autopsy revealed multiple carcinomas including the lung,
liver, and spine, together with the diagnosis of thrombotic microangiopathy by electron microscopy findings of the
renal tissue. To our knowledge, this is the first report describing severe thrombotic microangiopathy in a patient
possibly associated with pembrolizumab, leading to death.

Conclusion: Physicians should be aware of this potential side effect in patients presenting acute kidney injury and
thrombocytopenia.
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Introduction

Immune checkpoint inhibitors (ICIs), monoclonal anti-
bodies against programmed cell death 1 (PD-1) or its lig-
and PD-L1, and cytotoxic T lymphocyte-associated
antigen 4 (CTLA-4) can improve outcomes in many ad-
vanced cancers, including malignant melanoma, non-
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small cell lung cancer, Hodgkin’s lymphoma, and
urothelial carcinoma. In the KEYNOTE-045 Trial [1],
pembrolizumab, a highly selective humanized monoclo-
nal IgG4x isotype antibody against PD-1, showed a sig-
nificant anti-tumor activity in patients with advanced
urothelial carcinoma. Despite such advantage, ICIs are
associated with various immune-related adverse events
(irAEs) [2]. Although dermatitis, pneumonitis, colitis,
hypophysitis, uveitis, hypothyroidism, and hepatitis are
common irAEs, important renal events have also been
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reported. In a pooled analysis of 3695 patients treated
with ICIs, Cortazar et al. reported an overall incidence
rate of acute kidney injury (AKI) to be 2.2% [3]. The in-
cidence of grade 3 AKI, defined as an increase of serum
creatinine > 3x baseline or > 4.0 mg/dL, or the need for
renal replacement therapy, was 0.6% in total for any
ICIs, with 0.9% for ipilimumab, 0.3% for nivolumab, and
0% for pembrolizumab individually [3]. Interstitial neph-
ritis is the most common kidney-related irAE, with lupus
nephritis, minimal change nephrotic syndrome, and
thrombotic microangiopathy (TMA) being other renal
complications [4—6].

TMA is a potentially fatal syndrome, characterized by
microangiopathic hemolytic anemia, thrombocytopenia,
and variable organ damage due to microcirculation
thrombi formation. TMA can result from various con-
ditions, including infection, cancer and transplantation,
and from dose- and time-dependent toxicity of various
drugs, such as immunosuppressive and chemotherapeu-
tic agents and vascular endothelial growth factor
(VEGF) inhibitors [7]. Plasma exchange (PE) for throm-
botic thrombocytopenic purpura (TTP) or eculizumab
for atypical hemolytic uremic syndrome (aHUS) has
markedly improved survival from TMA. However, there
are still not a few refractory cases with a high mortal-
ity rate. We here report a fulminant case of TMA
who developed AKI after chemotherapy using
pembrolizumab.
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Case report

A 68-year-old man was diagnosed with urothelial cancer
2.5 years before, with an otherwise unremarkable med-
ical history. The baseline serum creatinine level was 1.1
mg/dL. Transurethral resection of bladder tumor and
intra-bladder pirarubicin (30 mg injection) were per-
formed for the next 10 months, when tumor recurrence
in the right ureter and urinary bladder required right
renal and ureteral resection with partial cystectomy 1.5
years before admission. One month after surgery, his
serum creatinine level was 1.6 mg/dL without protein-
uria. Two months later, metastases were identified in the
left cervical and para-aortic lymph nodes. Chemotherapy
was initiated using a combination of gemcitabine and
carboplatin (five cycles over 5months), with a single
dose of gemcitabine of 1000 mg/m” and a reduced dose
of carboplatin of 194 mg/m* due to chronic kidney dis-
ease (CKD) secondary to uninephrectomy.

Eight months before admission, the patient developed
bilateral leg numbness, requiring a change from gemcita-
bine/carboplatin to intravenous pembrolizumab (200 mg
every 3 weeks; 10 cycles over the course of half a year) as
a second-line therapy. At treatment initiation, his serum
creatinine level was 1.3 mg/dL. Tumor size was tempor-
arily reduced, along with improvement of para-aortic
lymphadenopathy, but the enlargement of nodular lesion
was seen in the left lung. The final cycle was given at 1
month before admission.

Pembrolizumab 3mg/kg every 3 weeks x 10 cycles
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Fig. 1 The clinical course for the patient. Asterisk indicates admission to our hospital; Dagger indicates patient death
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Two weeks after treatment cessation, the patient
developed back pain secondary to thoracic spine metas-
tasis. The serum creatinine level was slightly elevated to
2.1 mg/dL. Four days later, the patient became anuric,
with a marked elevation in serum creatinine to 5.7 mg/
dL. Grade 3 AKI was diagnosed, as defined by the Com-
mon Terminology Criteria for Adverse Events [8]. An
oral dose of prednisolone (0.9 mg/kg) was administered,
as per current treatment guidelines [9]. Despite treat-
ment, his creatinine level rose to 12.8 mg/dL 3 days later,
when hemodialysis was initiated (Fig. 1). Over the subse-
quent week, his platelet concentration decreased from
150,000 to 60,000/uL and he was transferred to our de-
partment with possible TMA.

At the time of admission, the patient’s Glasgow coma
scale level of consciousness was assessed as E4V4MS6.
Physical findings were as follows: blood pressure, 147/
85 mmHg; heart rate, 96 bpm; body temperature, 37.7 °C;
body weight, 72.8 kg; body height 169 cm; respiratory
rate, 30/min; and SpO,, 99% under oxygen flow of 2L/
min through nasal cannula. The patient was anuric, with
anemic palpebral conjunctiva and hemorrhagic spots in
the oral cavity and at the site of the inguinal dialysis
catheter. Lower leg edema and subcutaneous
hemorrhage were observed. He had no diarrhea, indica-
tive that Shiga toxin-associated HUS was unlikely. Medi-
cations at the time of presentation (per day) included
prednisolone 60 mg, esomeprazole 10 mg, naldemedine
tosylate 0.2 mg, acetaminophen 1000 mg, fexofenadine
60 mg, mitiglinide 15mg, and sulfamethoxazole/tri-
methoprim 400 mg/80 mg, with darbepoetin alfa 60 pg
injected once a week, and fentanyl citrate patch. Labora-
tory data confirmed the diagnosis of TMA with AKI,
with the following findings: platelet count, 35,000/uL;
lactate dehydrogenase, 1156 U/L; hemoglobin, 8.0 g/dL;
and serum creatinine, 13.4 mg/dL (Table 1). TMA diag-
nosis was consistent with findings of numerous schisto-
cytes in a peripheral blood smear, along with anemia,
negative direct Coombs test, and normal coagulation
test. The ADAMTSI13 (a disintegrin and metalloprotein-
ase with thrombospondin type 1 motif, member 13) level
was 38% (normal range > 10), and its inhibitor was nega-
tive, suggesting that TTP was unlikely. The C-reactive
protein (CRP) level was 17.0 mg/dL on admission but
had been as low as 0.5mg/dL 4days before, when
thrombocytopenia had already appeared. The B-D glucan
level and interferon gamma release assay were negative.
Blood cultures were negative, with a lactic acid level < 2
mmol/L. Antimicrobial treatment with meropenem was
administered empirically.

The patient underwent PE (3840ml fresh frozen
plasma) combined with hemodialysis (HD) on days 1
and 2 post-hospitalization, with intravenous methylpred-
nisolone (125 mg) and red blood cell transfusion. Platelet

Page 3 of 6

Table 1 Laboratory data of the patient on admission

Blood biochemistry Blood count
TP, g/dL 56 WBC, /uL 15,100
Alb, g/dL 3.1 Seg, % 95
Na, mmol/L 137 Lymp, % 1.0
K, mmol/L 55 Hb, g/dL 8.0
CL, mmol/L 112 Schistocytes Positive
Ca, mg/dL 7.1 Reticulocytes, % 13
IP, mg/dL 9.0 Plt, x 10/"4/ul 35
BUN, mg/dL 101
Cre, mg/dL 134
T-Bil, mg/dL 1.8 Coagulation
D-Bil, mg/dL 0.8 PT-INR 148
AST, U/L 72 APTT, % 44
ALT, U/L 22 Fibrinogen 256
LD, U/L 1156 FDP, pug/ml 429
y-GTP, U/L 48 D-dimer, ug/mL 21.5
ALP, U/L 224 TAT, ng/mL 53.5
Amy, U/L 175 PIC, pg/mL 0.8
CK, U/L 296 Antithrombin 1ll, % 115
CRP, mg/dL 17
PCT, ng/mL 1.73
BNP, pg/mL 513
lgG, mg/dL 983 Arterial blood gas
IgA, mg/dL 124 (O; 2L/min through nasal cannula)
IgM, mg/dL 98 pH 741
3, mg/dL 85 PaCO,, mmHg 179
C4, mg/dL 27 Pa0O,, mmHg 1512
CH50, U/mL 60 HCO;™, mmol/L [
ADAMTS13, % 38 BE, mmol/L -12
ADAMTS13 inhibitor  Negative Glu, mg/dL (A
Haptoglobin, mg/dL 3 Lac, mmol/L 1.31

TP total protein, Alb albumin, Na sodium, K potassium, CL chloride, Ca calcium,
IP inorganic phosphorus, BUN blood urine nitrogen, Cre creatinine, T-Bil total
bilirubin, D-Bil direct bilirubin, AST aspartate aminotransferase, ALT alanine
aminotransferase, LD lactate dehydrogenase, y-GTP y-glutamyl transpeptidase,
ALP alkaline phosphatase, Amy amylase, CK creatinine kinase, CRP C-reactive
protein, PCT procalcitonin, BNP brain natriuretic peptide, /g immunoglobulin,
C3 complement component 3, C4 complement component 4, CH50 50%
hemolytic complement activity, ADAMTS13 a disintegrin-like and
metalloproteinase with thrombospondin type 1 motifs 13, WBC white blood
cell, Neut neutrophil, Lymp lymphocyte, Hb hemoglobin, Pit platelet, PT-INR
prothrombin time-international normalized ratio, APTT activated partial
thromboplastin time, FDP fibrin degradation product, TAT thrombin
antithrombin complex, PIC plasmin a2-plasmin inhibitor complex, PaCO,
partial pressure of carbon dioxide, PaO, partial pressure of oxygen, HCO3~
bicarbonate, BE base excess, Glu glucose, Lac lactate

count recovered slightly, from 30,000 to 38,000/uL. On
day 2, the patient became unconscious, then involuntary
movements appeared; PE and HD were discontinued.
The patient died of respiratory failure on day 3.
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Fig. 2 Microscope examination revealed no typical findings of TMA such as mesangiolysis, fibrin thrombi, or duplication of glomerular basement
membrane in glomeruli (a periodic acid-Schiff, b Azan; ¢ periodic acid silver-methenamine). But as for arterioles, wall edema and swelling with
narrowing of the lumen were observed, suggesting TMA (white arrowhead) (d periodic acid-Schiff)

Autopsy, performed 3h after death, revealed patho-
anatomical diagnosis of lung congestions, with multiple
carcinomas in the lungs, liver, adrenal glands, and thoracic
spine. Regarding kidney tissues, the glomeruli were slightly
enlarged, but with no thickening, doubling, or deposition
of the basement membrane, and no significant finding on
immunofluorescence study. Although edema was ob-
served in the kidney interstitium, cell infiltration was mild,
with no evidence of interstitial nephritis. Mild atheroscler-
otic lesions were found at the level of the arcuate to inter-
lobular arteries, but with no thrombus formation. Wall
edema and swelling with narrowing of the lumen were ob-
served in arterioles, suggesting TMA (Fig. 2). Electron
microscopical examination revealed subendothelial expan-
sion and endothelial swelling of the glomeruli, consistent
with the pathological feature of TMA (Fig. 3).

Discussion

Possible mechanisms of drug-induced TMA include direct
subendothelial toxicity, dysregulation of the complement
pathways, decreased glomerular VEGF, and ADMTS-13
autoantibody [7, 10, 11]. Electron microscopic findings in
our case indicated the possibility of direct or indirect endo-
thelial damage, not related to VEGF inhibitors (which were
not used) or ADAMTS 13 antibody. Immediate discontinu-
ation of the offending drug together with corticosteroid ad-
ministration and PE (using fresh frozen plasma) are often
used as the treatment of drug-associated TMA, with the
addition of immunosuppressants such as rituximab, but no

clear supporting evidence has been obtained [10]. Consider-
ing the possibility of infection, immunosuppressant therapy
was not possible in our case, and we proceeded with sup-
portive care, including steroid, HD, and PE.

We identified one reported case of ICI-induced TMA
and four reported cases of ICI-induced TTP (Table 2)
[3, 12-15]. As the causative agents, three were nivolu-
mab and four were ipilimumab, and two cases were
combinations of these two drugs. To our knowledge,
TMA possibly associated with pembrolizumab has not
been reported so far. The time from the last administra-
tion of ICI to the onset of TMA/TTP was between 7
and 22 days in these cases including ours. In all cases,
TMA/TTP continued even after drug discontinuation.
This is probably due to residual activation of T cells by
ICI and might be a characteristic finding of ICI-related
TMA. Two patients had renal impairment, one of whom
was able to withdraw from dialysis but the other was
dependent on dialysis. The pathologic features charac-
terizing chemotherapy-induced TMA are vascular dam-
age manifested by arteriolar and glomerular capillary
thrombosis with abnormalities in the endothelium and
vessel wall, including thickened capillary walls, occlusion
of vascular lumens, fibrin deposition, and endothelial
separation, with expansion of the subendothelial zone
[10]. Cancer drug-induced TMA is divided into two dis-
tinct categories: types I and II [10]. Type I cancer drug-
induced TMA onsets usually 6-12 months after starting
therapy in a dose-related manner. This type appears to
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Fig. 3 Electron microscope examination showing endothelial cell
enlargement and detachment from the basement membrane (black
arrowhead) and subendothelial space expansion (white arrowhead)
of the glomerulus

have permanent and irreversible hematologic manifesta-
tions or kidney injury. Drug characteristic of type I in-
clude mitomycin C, gemcitabine, or platinum salts. The
pathological finding is both arteriolar and glomerular ca-
pillary thrombosis in this type. On the contrary, type II
cancer drug-induced TMA occurs any time after initi-
ation of the treatment in a dose-unrelated manner. And
this type has a high likelihood of recovery by stopping
the drug. Drug characteristic of type II include VEGF
pathway inhibitors. Glomerular capillary thrombosis le-
sions are exclusively found, but no arteriolar lesion in
type II. We think our case was similar to type I rather
than type II because irreversible thrombocytopenia and
acute kidney injury persisted even after drug discontinu-
ation and was associated with not only glomeruli but
also arteriole lesions.

Due to the extent of metastases and the history of pre-
vious medications used, a direct causal relationship

Table 2 Literature review of patients with ICl-related TMA/TTP
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between TMA and pembrolizumab therapy cannot be
established in our case. Although the cancer status of
the patient was relatively stable, cancer-induced TMA
could be another possibility, considering the fulminant
course of TMA with multiple metastatic lesions. In our
case, vascular endothelial damage was observed in elec-
tron microscope examination of the glomerulus, but this
is a common finding of TMA and is not effective for dis-
tinguishing drug-induced TMA from TMA caused by
cancer itself. However, even at the time when metastases
were already observed, thrombocytopenia and kidney in-
jury had not yet appeared. Therefore, we considered
TMA in our case would be due to drug rather than can-
cer itself. TMA-related to use of anti-cancer agents, such
as gemcitabine, typically develops 6 to 12 months after
treatment initiation [10]. However, because T lympho-
cyte activation can extend over several months, irAE can
occur at any time after discontinuation of ICI treatment
[9]. AKI by PD-1 inhibitors is likely to occur 3-12
months after treatment initiation [5]. In our case, TMA
onset was 13 months after initiation of gemcitabine/car-
boplatin therapy and 8 months after its discontinuation,
but within 7 months of initiation of pembrolizumab
treatment and 3weeks after its discontinuation.
Zupancic et al. [16] reported an increased risk for TTP
with a cumulative dose of gemcitabine of 20,000 mg/m?;
the total dose in our case was relatively small at 5000
mg/m?, and the dose of carboplatin was reduced due to
the previous history of renal injury. Considering the clin-
ical course, TMA was more likely to be caused by
pembrolizumab than gemcitabine/carboplatin. The pos-
sibility of secondary TMA due to infection cannot be
completely denied, but platelet reduction preceded CRP
elevation, suggesting that infection developed after the
onset of TMA. The mechanism of the onset of TMA
caused by pembrolizumab is not yet known, but accord-
ing to Postow et al., four types of possible mechanisms

References Age Sex Malignancy Agents irAE  Days since last Treatment Outcome
administration of IC
Cortazaretal. 3] 58 M  Melanoma Ipilimumab T™MA 7 Steroids, HD Dialysis-
dependent
King et al. [14] 68 F Melanoma Ipilimumab TP 22 Steroids, PE, IVIG, Recovered
RTX

Youssef et al. [12] 42 F Renal cell carcinoma Nivolumab + TP 9 Steroids, PE Recovered
Ipilimumab

Honjo et al. [15] 52 F Pleomorphic carcinoma  Nivolumab TP 14 Steroids, MMF, Recovered

of lung CHDF

Lafranchi et al. 70 M Melanoma Nivolumab + TP 18 Steroids, PE Died

[13] Ipilimumab

Hayata et al. (This 68 M Urothelial cancer Pembrolizumab TMA 21 Steroids, PE, HD  Died

case)

IVIG intravenous immunoglobulin, RTX rituximab, CHDF continuous hemodiafiltration
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of irAEs have been proposed: overactivation of cellular im-
mune, increasing humoral immune, excessive inflamma-
tory cytokine production, and enhancing complement-
mediated inflammation [2]. We think that our case may
be included in excessive inflammatory cytokine produc-
tion mechanism. However, we could not identify exact
causative factor or specific signaling pathway in our case.
The pathophysiology of ICI-induced TMA is incom-
pletely understood. Clinicians should be aware of this po-
tential lethal complication of ICIs in patients with AKL

Abbreviations
ICls: Immune checkpoint inhibitors; irAEs: Immune-related adverse events;
AKI: Acute kidney injury; TMA: Thrombotic microangiopathy
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