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Abstract

Nintedanib, a triple tyrosine kinase inhibitor of vascular endothelial growth factor receptor, platelet-derived growth fac-
tor receptor, and fibroblast growth factor receptor, has been used in idiopathic pulmonary fibrosis and adenocarcinoma in
advanced non-small cell lung cancer. Although vascular endothelial growth factor inhibitors have been reported to cause
endothelial injury and glomerular microangiopathy, nintedanib-induced glomerular microangiopathy has not been reported.
A 68-year-old man with a history of primary aldosteronism, idiopathic pulmonary fibrosis, and pleomorphic carcinoma of
the lung developed proteinuria and leg edema after nintedanib initiation. Kidney biopsy revealed prominent endothelial and
mesangial injury. Proteinuria improved after nintedanib withdrawal. To the best of our knowledge, this is the second case
report of nintedanib-induced glomerular microangiopathy. Although the incidence of nephropathy among patients receiving
nintedanib is unknown at this moment, we recommend monitoring urinary protein excretion and blood pressure in patients
receiving nintedanib and performing kidney biopsy to determine any histopathological change.
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Introduction

Inhibiting tumor angiogenesis mediated by vascular endothe-
lial growth factor (VEGF) has become a main stream in
current cancer treatment. With the expanding use of VEGF
inhibitors, their nephrotoxicity causing endothelial injury
and glomerular microangiopathy has been reported [1].
Nintedanib, a triple tyrosine kinase inhibitor of VEGF
receptor, platelet-derived growth factor (PDGF) receptor,
and fibroblast growth factor (FGF) receptor, has been used
in idiopathic pulmonary fibrosis and adenocarcinoma in
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advanced non-small cell lung cancer, offering substantial
benefit [2-4]. Although nintedanib also inhibits VEGF sign-
aling pathway, there have been no reports on endothelial
injury and glomerular microangiopathy [1].

We herein report a patient with pulmonary fibrosis who
developed proteinuria due to nintedanib-induced glomerular
microangiopathy, which has been rarely reported.

Case presentation

A 68-year-old man with a history of primary aldosteronism,
idiopathic pulmonary fibrosis, and pleomorphic carcinoma
of the lung was referred to our department because of severe
proteinuria and leg edema. He had smoked 50 cigarettes per
day for 48 years. He had undergone partial lung resection
to remove a tumor 2 years prior to the referral and had been
treated with nintedanib (300 mg/day) to halt the progression
of pulmonary fibrosis for 10 months (Fig. 1). Medications,
except nintedanib, included eplerenone (100 mg/day) and
amlodipine (2.5 mg/day). Four months prior to the initia-
tion of nintedanib, his serum creatinine was 0.78 mg/dL;
furthermore, neither hematuria nor proteinuria was evident.
One week after nintedanib initiation, his dipstick urine
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Fig. 1 Clinical images of the
present case. (A) Lung tumor on
the right upper lobe was evident
on chest computed tomography
2 years prior to the referral. (B)
Pulmonary fibrosis is observed
on bilateral lower part prior to
nintedanib initiation

suddenly showed proteinuria of 2+ and hematuria of 1+, and
he complained of nausea and diarrhea, which was controlled
by symptomatic treatment. In addition, his blood pressure
increased, so the dose of eplerenone had been titrated from
50 to 100 mg/day.

Upon referral, his blood pressure was 126/87 mmHg,
heart rate was 86 beats/min, and SpO, was 95% in room
air. His body weight was 67 kg, having increased by 5 kg
within 1 year.

The initial laboratory tests showed the presence of
hypoalbuminemia (2.5 g/dL) and proteinuria (protein-to-
creatinine ratio: 4.1 g/gCr), leading to the diagnosis of
nephrotic syndrome. The patient’s laboratory results are
shown in Table 1. The patient was hospitalized for kidney
biopsy at 10 months after the onset of proteinuria. His kid-
ney biopsy showed patchy tubular atrophy and interstitial
enlargement, but no tubulitis was seen. Of the 21 glomeruli,
one was globally sclerotic. Other glomeruli showed mild
mesangial proliferation and widely expanded subendothelial
area occupied by hyaline-like materials with some huge sub-
endothelial deposition, some of which were positive on peri-
odic acid-Schiff (PAS) staining, while others were negative.
Focal mesangiolysis and double contour were also observed
in some glomeruli (Fig. 2). Immunofluorescence staining
showed only moderate IgM deposition in huge subendothe-
lial depositions without any other positive staining. Electron
microscopy showed electron-dense deposits (EDDs) in sub-
endothelial and mesangial areas. Foot-process effacement
was not noticeable. Histologic diagnosis was glomerular
microangiopathy with subendothelial deposition. Since our
patient’s proteinuria was observed only 1 week after nin-
tedanib initiation, we highly suspected that his nephrotic
syndrome was likely caused by nintedanib. Therefore, we
withdrew nintedanib after the kidney biopsy and treated
the nephrotic syndrome with furosemide (20 mg/day) and
trichlormethiazide (1 mg/day). The respiratory physician
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also agreed to withdraw nintedanib and planned close
monitoring for pulmonary symptoms. Proteinuria improved
gradually, and 3 months after nintedanib withdrawal, the
serum albumin increased to >3 g/dL (3.4 g/dL). His edema
and hypertension improved, and furosemide, trichlormethi-
azide, and amlodipine were discontinued, and the dose of
eplerenone was reduced to 25 mg/day. At 4 months after
nintedanib withdrawal, urine protein decreased to< 1.0 g/
gCr (0.3 g/gCr). Hematuria also improved, and 1 month
after nintedanib withdrawal, urine red blood cells were not
found thereafter. During the 2-year follow-up, the patient’s
urine protein remain unchanged, ranging from 0.3 to 0.9 g/
gCr, although there have been no recurrences or nephrotic
syndrome. Figure 3 summarizes the clinical course of the
present case.

Discussion

Although many cases of VEGF inhibitor-induced nephropa-
thy have been reported, cases of nephropathy caused by nint-
edanib have been scarce [4]. A case of anti-glomerular base-
ment membrane glomerulonephritis following nintedanib
treatment has been the only reported kidney involvement
associated with nintedanib [5]. To the best of our knowledge,
this is the second case report of nintedanib-induced glomer-
ular microangiopathy [6]. We confirmed that the proteinuria
in the present case had been triggered by nintedanib, because
(1) neither proteinuria nor hematuria had been identified by
medical checkups performed before nintedanib treatment,
(2) urinary abnormalities appeared immediately after nint-
edanib initiation, and (3) proteinuria improved and hematu-
ria disappeared after nintedanib cessation.

Recently, cancer therapy has achieved marked advances,
which are mainly attributed to the development of targeted
therapy; furthermore, several types of nephropathy caused
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Table 1 Initial laboratory Parameter Level Reference range

results
White blood cell, /uL. 5900 4000-9000
Red blood cell, /uL 409 % 10* 450-560% 10*
Hemoglobin, g/dL 14.3 11.0-14.0
Platelet, /uL 17.2x10* 15.7-38.2x10*
Blood urea nitrogen, mg/dL 10.2 8.0-22.0
Scr, mg/dL 0.8 0.6-1.0
eGFR, mL/min/1.73 m? 73.8 90-120
Serum total protein, g/dL. 5.3 6.7-8.3
Serum albumin, g/dL 2.5 4.1-5.1
Serum sodium, mEq/L 142 135-140
Serum potassium, mEq/L 4.7 3.5-5.1
Serum chloride, mEq/L 107 97-109
CRP, mg/dL 0.27 <0.3
HDL cholesterol, mg/dL 58 30-80
LDL cholesterol, mg/dL 118 65-139
Triglyceride 104 30-150
Hemoglobin Alc, % 54 4.6-6.2
KL-6, U/mL 1152 <500
SP-A, ng/mL 122 <43.8
SP-D, ng/mL 410 <110
IgA, mg/dL 305 110410
IgG, mg/dL 915 870-1700
IgM, mg/dL 99 33-190
C3, mg/dL 100 86-160
C4, mg/dL 15 17-45
ANA Negative Negative
MPO-ANCA, U/mL <1.0 <1.0
PR3-ANCA, U/mL <1.0 <1.0
Serum amyloid A, pg/mL 10.7 <8.0
HBsAg Negative Negative
HCVAb Negative Negative
Urine protein/creatinine ratio, g/gCr 4.1 <0.15
Urine albumin/creatinine ratio, g/gCr 2.5 <0.03
Proteinuria by dipstick test 4+ Negative
Hematuria by dipstick test 2+ Negative
Urine red blood cell/HPF 10-14 (with dysmorphic red blood 04

cells)

Urine NAG, U/L 50.5 <0.8-11.5
Urine f2MG, pg/L 396 0-200

ANA antinuclear antibody, Cr creatinine, CRP C-reactive protein, eGFR estimated glomerular filtration
rate, HBsAg surface antigen of the hepatitis B virus, HCVAb hepatitis C virus antibody, HDL high-density
lipoprotein, HPF high-power field, /g immunoglobulin, LDL low-density lipoprotein, MPO-ANCA myelop-
eroxidase anti-neutrophil cytoplasmic antibody, NAG N-acetyl-p-p-glucosaminidase, PR3-ANCA proteinase
3 anti-neutrophil cytoplasmic antibody, Scr serum creatinine, SP surfactant protein, f2MG p2 microglobu-

lin

by those therapies have been reported as a complication
of targeted therapy. The well-known complication of anti-
VEGF drugs, such as bevacizumab, ranibizumab, suni-
tinib, and sorafenib, is endothelial injury which comprises

hypertension, proteinuria, thrombotic microangiopathy

(TMA), and renal TMA [7-9].

Nintedanib is a multi-targeted receptor tyrosine kinase
inhibitor that works on key angiogenesis pathways including
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Fig.2 Histological findings of the kidney biopsy performed after the
onset of proteinuria. (A) Mild mesangial proliferation and widely
expanded subendothelial area occupied by hyaline-like materials with
some huge subendothelial deposition (arrows). (B) Mesangiolysis
(arrows) and double contour. (C) Blue-tinged subendothelial deposi-
tion (arrows) suggesting that the depositions are infiltrates of plasma.
(D) Red-tinged subendothelial deposition (arrows) suggesting that
the deposition is plasma itself. Electron microscopy finding showing
unremarkable foot process effacement (E) and electron-dense deposits
(arrows) in subendothelial and mesangial areas (F)

PDGF, VEGF, and basic FGF [5, 10]. VEGF signaling in
the kidney plays a key role in endothelial cell proliferation,
migration, and permeability [4]. VEGF is released from
podocyte and binds to its receptor on glomerular endothe-
lial cells [4]. VEGF signaling between the podocyte and
glomerular endothelial cells is tightly regulated, and VEGF
inhibition results in renal endothelial injury, manifested
primarily as proteinuria, hypertension, renal-specific TMA,
minimal change disease, and focal segmental glomerulo-
sclerosis [4, 10].

The result of our patient’s kidney biopsy showed expan-
sion of subendothelial area, mesangiolysis, and double con-
tour, all of which were compatible with endothelial injury.
There were no typical findings for TMA such as fibrin, plate-
let thrombi, and fragmented erythrocytes in the intracapil-
lary space. Endothelial injury without typical TMA findings
in our patient was similar to the morphological changes in
other anti-VEGF therapy-induced glomerulopathy [11].

The atypical finding in the present case compared with
other anti-VEGF-induced glomerulopathy case was huge
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EDDs in the subendothelial space, which was only IgM
positive and involved mesangial areas. Since other immu-
noglobulins were negative, we thought that these EDDs were
infiltrated from the plasma as a result of severe endothe-
lial injury, not immune complex formation. The lack of
glomerular sclerosis also excluded the possibility of IgM
nephropathy. Although only one report showed the asso-
ciation of EDDs and anti-VEGF inhibitor in which massive
paramesangial deposits were found during the treatment by
bevacizumab, EDDs in that report were IgA positive [12].
The reason why these wide ranges of histological findings
were seen in the present case remains unclear. One possible
explanation is that nintedanib also inhibits PDGF. PDGF
regulates proliferation, migration, and extracellular matrix
production of mesangial cells [13], and in animal models,
inhibition of PDGF increased the vulnerability of kidney
to glomerular damage and mesangial insufficiency in the
ensuing repair process [14]. PDGF plays a critical role in
repairing glomerular damage by proliferating mesangial
cells. Therefore, the mesangiolysis seen in our case might
have been a result of ineffective repairing, which was caused
by PDGF inhibition of nintedanib. Considering these effects
of VEGF and PDGF on kidney, we hypothesize that both
anti-VEGF and anti-PDGF effects have caused these mul-
tiple findings from endothelial to mesangial damage and
led to proteinuria. In our case, foot-process effacement was
unnoticeable, while the patient had massive proteinuria
(4.1 g/gCr) and hypoalbuminemia (2.5 g/dL), which were
consistent with the criteria for nephrotic syndrome. Since
hyperlipidemia was not seen in our patient and there were no
etiologies of primary nephrotic syndrome, we concluded that
the unremarkable foot-process effacement in our patient was
because his proteinuria was caused by secondary nephrotic
syndrome due to glomerular microangiopathy.

In contrast to our case, the previous case of nintedanib-
induced glomerulopathy which was reported by Inoue et al.
presented proteinuria 3 years after nintedanib initiation, and
the highest proteinuria level was less severe (1.7 g/gCr) than
that of our case [6]. Histologically, there is similarity in that
expansion of subendothelial area and double contour were
seen in both cases. However, the expansion of subendothe-
lial area seen in our case was more extensive than that in
the previous case. The reason of this difference has yet to
be known, but our patient had been a heavy smoker, which
might have caused smoking-related glomerulopathy, leading
to severer endothelial injury [15].

In cancer patients, there can be many causes of protein-
uria, such as membranous nephropathy, minimal change
disease, and cancer-related TMA, all of which are refrac-
tory until the cancer is treated. On the contrary, if the pro-
teinuria is caused by anti-cancer drug-induced nephrop-
athy, it might be easy to solve the urinary abnormality
by withdrawing the drug or changing to a second-line
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Fig. 3 Clinical course of the

present case regarding serum

albumin and urine protein levels

before and after nintedanib

treatment. The period of nin-

tedanib and timing of kidney

biopsy are shown 5
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regimen. In this regard, we recommend performing kid-
ney biopsy to detect histological changes in the case of
urinary abnormality, which can give us critical diagnostic
information. A kidney biopsy is an invasive method, and
we should consider the risk and benefit in terms of prog-
nosis, complications, and existence of second-line regimen
for cancer patients.

In conclusion, we described a patient with lung cancer
and pulmonary fibrosis who developed proteinuria and
leg edema after nintedanib initiation. Since we found the
improvement of proteinuria after nintedanib cessation,
we considered that the clinical course is compatible with
nintedanib-induced glomerular microangiopathy, which,
to our knowledge, has been reported only in one case [6].
Although the incidence of nintedanib-induced glomeru-
lar microangiopathy among patients receiving nintedanib
might be uncommon, we still recommend monitoring pro-
teinuria and kidney function in patients receiving nint-
edanib and considering to perform kidney biopsy in case
of proteinuria or kidney dysfunction, which would be of
use to elucidate the histopathological change caused by
nintedanib.
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