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Abstract

A 70-year-old man diagnosed with lung adenocarcinoma was referred to our department
for an evaluation of acute onset of nephrotic syndrome with acute kidney injury (AKI)
after the 7" course of pembrolizumab treatment. Renal biopsy could not be performed
because he needed anticoagulation therapy for venous thrombosis. Pembrolizumab was
discontinued, and prednisolone was started. Hemodialysis was also started because
oliguria was not resolved, and dyspnea due to pulmonary congestion appeared even
with the high dose of diuretics. Hemodialysis was successfully withdrawn within 5
weeks duration because of renal function recovery and increase of urine volume.
Complete remission was achieved 4 months after initiating prednisolone. He has never
experienced hemodialysis again and remains remission of nephrotic syndrome even the
dose of prednisolone was tapered for 8 months. Renal pathology in the current case was
uncertain. However, minimal change disease seemed to be a plausible cause of
nephrotic syndrome with AKI because of a good response to steroid therapy and acute
onset of nephrotic syndrome. In addition, renal pathology in all of the reported cases of
pembrolizumab-associated nephrotic syndrome with AKI was minimal change disease.
Our case shows for the first time that renal function could be reversible with
prednisolone in pembrolizumab-associated nephrotic syndrome with severe AKI even

after progression of renal failure which needs dialysis.
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Introduction

Pembrolizumab is an anti-programmed death 1 (PD-1) antibody approved for the
treatment for several types of malignancies such as melanoma, Hodgkin’s lymphoma,
non-small-cell lung cancer and renal cell carcinoma [1]. Pembrolizumab is one of the
immune checkpoint inhibitors that restore T cell response toward cancer cells. Recent
review demonstrated that the incidence of acute kidney injury (AKI) by these drugs was
not rare, ranging from 9.9-29% [2]. The incidence of the apparent renal adverse events
by pembrolizumab was 1.77% in a French single center cohort [3]. The main renal
pathophysiology in the report was acute tubulointerstitial lesions. Meanwhile, a few of
cases in the glomerular lesions were also reported [3-6]. All of 4 cases with nephrotic
syndrome exhibited minimal change disease, experienced AKI, and responded to
steroid; however, a patient who had received hemodialysis could not withdraw from
dialysis for a month, and died due to cancer progression [6]. Here, we report a case of
pembrolizumab-associated nephrotic syndrome with severe AKI in a patient with lung
cancer. The patient could successfully discontinue hemodialysis therapy within 5 weeks

duration because of renal function recovery in response to steroid treatment.

Case report

A 70-year-old man was diagnosed with stage 1V lung adenocarcinoma 6 months before
referral. He was also diagnosed with venous thrombosis in brachiocephalic and brachial
vein at the same time, and was started apixaban, direct oral anticoagulant.
Pembrolizumab was initiated 5 months before referral (treatment dose, 200mg
intravenously every 3 weeks). The size of tumor assessed by computed tomography

decreased after 5™ course of pembrolizumab treatment. Erythroderma desquamation on



the lower leg was noticed after 6" course of pembrolizumab treatment, but was
suspected as an adverse effect of calcium channel blocker which was started over a year
ago for the treatment of hypertension. Pembrolizumab was postponed, and topical
corticosteroid and angiotensin receptor blocker, instead of calcium channel blocker, was
prescribed. As the skin lesion was resolved a week later, pembrolizumab was
re-administrated 1 month before referral. Seventeen days after the 7" course of
pembrolizumab administration, the patient suddenly noticed anasarca with weight gain
of 3.5kg. Twenty-one days after the last treatment of pembrolizumab, he was referred to
our department for an evaluation of massive proteinuria and hypoalbuminemia (1.3
g/dL). As urinary protein was negative and serum albumin level was normal (3.8 g/dL)
at the last administration of pembrolizumab, acute onset of nephrotic syndrome was
diagnosed. A diuretic was started, but edema and body weight gain got worse. He was
admitted for the treatment of uncontrollable edema and elevation of serum creatinine
(SCr) level (from 0.70 mg/dL to 1.63 mg/dL).

A physical examination on admission showed a blood pressure of 110/81 mmHg, a
regular pulse rate of 92 beats/min. A laboratory test is shown in Table 1. The clinical
course during hospitalization is shown in Figure 1. The dose of diuretic was increased
after admission, and 40 mg of intravenous injection of prednisolone sodium succinate
(treatment dose; 0.8 mg/kg, twice in a day) was initiated on the second day after
admission. However, oliguria was continued even though the high dose of diuretics, and
dyspnea due to pulmonary congestion appeared on day 3 after admission. Therefore,
hemodialysis was initiated, and excess fluid was removed. As edema was controlled by
day 21, improvement of the drug absorption from intestine was considered. Hence, 40

mg of oral prednisolone was started instead of intravenous injection of prednisolone



sodium succinate. Because urine output increased dramatically on day 34, hemodialysis
was stopped. SCr level of the patient decreased gradually, and he was discharged on day
60. Afterward, the level of proteinuria gradually decreased, and reached to complete
remission 50 days after discharge. At the last follow-up, 8 months after hospitalization,
the levels of urinary protein-to-Cr ratio, serum albumin and SCr were 60 mg/gCr, 4.0
g/dL and 0.91 mg/dL, respectively.  As the levels of tubular injury markers [(urine B2
microglobulin and N-acetyl-beta-D-glucosaminidase (NAG)] on admission were
elevated, tubular injury, as well as glomerular injury, was speculated. However, the
levels were normalized at the last follow-up (urine B2 microglobulin 125 pg/L and NAG
8.0 1U/L), suggesting that the tubular injury was transient. There were no electrolyte
abnormalities such as the low serum uric acid, potassium and phosphate or excretion of

urinary glucose after discharge, thus Fanconi syndrome was ruled out.

Discussion

Pembrolizumab is a humanized, monoclonal 1gG4-kappa isotype antibody against PD-1
which gets rid of the checkpoints from the immune system and activates T cells, thus it
is referred to as immune checkpoint inhibitor. Currently 2 types of immune checkpoint
inhibitors are  available. One is PD-1-blocking antibodies including
pembrolizumab/nivolumab, and another is Cytotoxic T lymphocyte-associated antigen 4
(CTLA-4)-blocking antibodies such as ipilimumab/tremelimumab. Immune-related
toxicities such as colitis, dermatitis, pneumonitis, hepatitis, and thyroiditis are common
with these drugs [7, 8]. On the other hand, the incidence of the renal adverse events by
immune checkpoint inhibitors was considered to be low [9]. However, recent reports

revealed that the incidence was not rare [2]. Main pathology by these drugs was acute



tubulointerstitial lesions [9], whereas other pathologies were also reported, including

minimal change disease, 1gA nephropathy, lupus nephropathy, thrombotic

microangiopathy, pauci-immune glomerulonephritis [3-6, 10-12]. In our case, we could

not perform renal biopsy because he was treated with direct oral anticoagulant against
venous thrombosis. We speculated that the renal pathology of our patient was minimal
change disease as all of the reported cases in pembrolizumab-associated nephrotic
syndrome had exhibited minimal change disease [3-6]. In addition, the clinical course of
the patient (acute onset of nephrotic syndrome with AKI and response to steroid
therapy) was consistent with minimal change disease. In the present case, urinary NAG
and B2-microglobulin at the time of onset showed high values, which might derive from
tubular injury as others have reported [9]. However, it was difficult to distinguish
whether the cause of the elevation of these parameters was due to AKI or tubular injury
by pembrolizumab.

The onset of nephrotic syndrome with AKI in our case occurred after the 7" course of
pembrolizumab, which means 5 months after pembrolizumab initiation. Median time to
the onset of renal adverse event by immune checkpoint inhibitors was highly variable,
ranging from 6 to 30 weeks [13]. Regarding PD-1 inhibitors, median time in nivolumab
was from 6 to 10 weeks [14, 15]; on the other hand, that in pembrolizumab has not been
reported yet. The timing of pembrolizumab-associated nephrotic syndrome with AKI
was reported to occur after second dose administration [3-6]. An atypical case of patient
with mild AKI and nephrotic range of proteinuria without decline of serum albumin was
reported [6]. The onset of renal adverse event in the case occurred 18 months after
pembrolizumab initiation. The reason for the relatively late onset of nephrotic syndrome

with AKI in our case is not clear. Cancer-induced minimal change disease might be



considered as an etiology of nephrotic syndrome. Minimal change disease in association
with cancers including lung cancer has been reported [16]. The extent of proteinuria
was correlated with tumor progression/regression in the cases, suggesting that factors
released from cancer cells induce minimal change disease [16]. However, the size of
tumor in the current case was regressed before 5" course of pembrolizumab
administration, and had not been progressed again until discharge, denying the
possibility of minimal change disease induced by cancer.

Erythematous rash on the lower extremities was preceded nephrotic syndrome in this
case. Erythematous rash on the trunk or extremities is one of the typical skin adverse
effects of immune checkpoint inhibitors [17]. It has been reported that the extrarenal
adverse events preceded AKI in half of the cases treated with pembrolizumab [6].
Therefore, the onset of extrarenal symptoms may predict a subsequent nephrotic
syndrome in patients treated with pembrolizumab. Further case accumulation is needed
to clarify the precursory symptoms of nephrotic syndrome associated with
pembrolizumab.

Recently, the underfilling hypothesis in the nephrotic syndrome is controversial [18]. It
has been reported that plasma volume was preserved during edema removal in the
patients with nephrotic syndrome [19]. Therefore, in the present case, high dose of
diuretics was used for the treatment of pulmonary congestion. However, the guideline
from Kidney Disease: Improving Global Outcomes or Japanese societies did not
recommend the use of loop diuretics for the prevention or treatment of AKI [20, 21].
We should consider about stopping such high-dose diuretics when the patient became
anuric and hemodialysis started, because we can control plasma volume with

hemodialysis. The cytotoxicity of high-dose furosemide has been reported [22].



The case of a patient with lung cancer who had experienced pembrolizumab-associated
nephrotic syndrome with severe AKI was herein described. The patient could
successfully discontinue hemodialysis 5 weeks after initiation of steroid treatment. One
should consider initiating steroid treatment and dialysis to similar cases even if the
patients are in the advanced stage of cancer as the renal function could be reversible.
Since we could not exclude the possibility of a sporadic case of nephrotic syndrome,
further case accumulation is necessary to conclude that steroid therapy is effective in

pembrolizumab-associated nephrotic syndrome.
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Figure legends

Figure 1. Clinical course during hospitalization. Serum creatinine level and 24-hour
urine volume are shown in a solid line and dotted line, respectively. The grey/white
colored box indicates intravenous/oral administration of the drugs. Hemodialysis was

withdrawn because urine output was dramatically increased.

Figure 2. Change of proteinuria after discharge. The amount of proteinuria and serum

creatinine (SCr) level are shown in a solid line and dotted line, respectively.

Table legend

Table 1. Laboratory data on admission. Abbreviations: WBC: white blood cell count,
Hb: hemoglobin, PIt: platelet, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, ALP: alkaline phosphatase, TP: total protein, Alb: alboumin, T-Chol:
total cholesterol, BUN: blood urea nitrogen, Cr: creatinine, UA: uric acid, iP: inorganic
phosphate, CRP: C-reactive protein, HbAlc: glycosylated hemoglobin, BS: blood sugar,
C3: complement component 3, C4: complement component 4, CH50: complement
activities, 1g: immunoglobulin, ANA: antinuclear antibodies, anti-DNA Ab: anti-DNA
antibody, RBC: red blood cell, NAG: N-acetyl-B-D-glucosamidase, B-2MG: [-2

microglobulin, Fe: fraction excretion.
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Figure 1
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Figure 2
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Table 1

Complete blood count

WBC
Hb
Plt

Blood chemistry
AST
ALT
ALP
TP

Alb
T-Chol
BUN
Cr
eGFR
UA

Na

K

Cl

Ca

iP

CRP
HbA1C
BS

6100/uL
13.0 g/dL
34.8x10%/uL

44 1U/L

23 IU/L
329 IU/L
4.6 g/dL
1.0 g/dL
319 mg/dL
25 mg/dL
1.63 mg/dL
34mL/min/1.73m’
7.0 mg/dL
132 mEg/L
4.9 mEqg/L
105 mEg/L
7.0 mg/dL
4.5 mg/dL
0.1 mg/dl
5.8%

103 mg/dL

Serology

C3

C4

CH50

IgG

IgA

IgM

ANA
anti-DNA Ab

Urine analysis
pH

Protein

RBC

NAG

B-2MG

FeNa

FeUN

145 mg/dL
32 mg/dL
38.1 1U/mL
1,103 mg/dL
459 mg/dL
366 mg/dL
1/160

<2.0 lU/mL

5.0

15.1 g/gCr
1-5 /HPF
54.4 IU/L
1,018 pg/L
0.11%
18.4%

Selectivity index 0.16




