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Abstract
Background Inhibitors of vascular endothelial growth factor (VEGF)-VEGF receptor 2 (VEGFR2) signaling, such as beva-
cizumab (Bmab), are used for the treatment of various advanced cancers. However, these inhibitors induce renal thrombotic 
microangiopathy (TMA). Recently, two European cohort studies showed a distinctive histopathological pseudothrombotic 
pattern different from TMA in Bmab-treated patients.
Methods We analyzed 9 renal biopsies from proteinuric cancer patients treated with VEGF-VEGFR2 inhibitors in our 
Japanese cohort. Clinical and laboratory features were also assessed in these patients.
Results All 9 patients had moderate to heavy proteinuria with normal or slightly elevated serum creatinine levels. On light 
microscopy, a patchy pattern of hemispherical/spherical lesions along glomerular capillary walls was a characteristic find-
ing. On immunofluorescence microscopy, staining for immunoglobulins (IgM dominant) at varying intensities was observed 
mainly along glomerular capillary walls. Especially, hemispherical/spherical positive staining for immunoglobulins was a 
characteristic pattern. Immunohistochemical studies showed positive staining for immunoglobulins and negative staining 
for CD61-positive platelets in capillary hemispherical/spherical lesions and positive VEGF staining in podocytes. On elec-
tron microscopy, variably electron-dense material in dilated glomerular capillaries and partial effacement of podocyte foot 
processes were observed. After the withdrawal of VEGF-VEGFR2 inhibitors, proteinuria improved without any specific 
treatment in 8 patients.
Conclusions Histopathological findings in our patients treated with VEGF-VEGFR2 inhibitors were consistent with those 
observed in the recently described new form of Bmab-associated hyaline occlusive glomerular microangiopathy. This form 
should be considered in proteinuric cancer patients treated with VEGF-VEGFR2 inhibitors. Discontinuing VEGF-VEGFR2 
inhibitors may lead to improvement of glomerular microangiopathy induced by these drugs.

Keywords Bevacizumab · Hyaline occlusive glomerular microangiopathy · Nephrotic syndrome · Onconephrology · 
Ramucirumab · Vascular endothelial growth factor

Introduction

Vascular endothelial growth factor (VEGF), also referred to 
as VEGF-A, is an essential growth factor for angiogenesis 
[1, 2]. There are at least 6 VEGF isoforms containing dif-
ferent numbers of amino acids, termed  VEGF121,  VEGF145, 
 VEGF165,  VEGF183,  VEGF189, and  VEGF206 [2]. The bio-
logical effects of VEGF isoforms are specifically mediated 
by two tyrosine kinase receptors, VEGF receptors 1 and 2 
(VEGFR1 and VEGFR2), which are expressed almost exclu-
sively in endothelial cells [1, 2].

As VEGF-VEGFR2 signaling plays an important role 
in cancer growth and metastasis, inhibition of this signal-
ing is a common therapeutic strategy in current oncology 

 * Hideki Wakui 
 wakui517@gipc.akita-u.ac.jp

1 Department of Hematology, Nephrology, and Rheumatology, 
Akita University Graduate School of Medicine, Akita, Japan

2 Department of Nephrology, Akita Kousei Medical Center, 
Akita, Japan

3 Department of Life Science, Graduate School of Engineering 
Science, Akita University, 1-1 Tegatagakuen-machi, 
Akita 010-8502, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s10157-021-02090-z&domain=pdf


1194 Clinical and Experimental Nephrology (2021) 25:1193–1202

1 3

[3]. VEGF-VEGFR2 inhibitors are classified as VEGF 
antibodies (such as Bevacizumab: Bmab), VEGF trap 
(Aflibercept: AFB), and VEGFR2 antibodies (such as 
Ramucirumab: RAM) [3]. It has been reported that Bmab 
increases risk for severe proteinuria in cancer patients 
[3, 4]. In 2008, Eremina et al. [5] reported that 6 cancer 
patients treated with Bmab developed glomerular disease 
characteristic of thrombotic microangiopathy (TMA). 
They suggested that glomerular injury in these patients is 
probably due to direct targeting of VEGF by anti-angio-
genetic therapy, based on observations in a murine model. 
Thereafter, several studies have shown that the most nota-
ble morphological characteristic in Bmab-induced renal 
injury is glomerular TMA [6–8]. In contrast, tyrosine 
kinase inhibitors of VEGFR2, such as sunitinib [3], induce 
mainly minimal change disease/focal and segmental glo-
merulosclerosis [6, 8].

Recently, two European cohort studies showed a distinct 
Bmab-associated glomerulopathy with nephrotic range pro-
teinuria (in most cases) [9, 10] different from the known 
Bmab-associated TMA [5–8]. This new form of Bmab-
associated glomerulopathy is characterized by periodic 
acid-Schiff (PAS)-positive hyaline pseudothrombi on light 
microscopy, positive staining for immunoglobulins and com-
plements on immunofluorescence microscopy, and variably 
electron-dense pseudothrombi in the dilated glomerular cap-
illaries on electron microscopy [9, 10]. Person et al. [10] 
proposed the term “Bmab-associated glomerular microan-
giopathy” for this unique hyaline occlusive glomerulopathy. 
They suggested that this form can be diagnosed by light 
microscopy and is an important differential diagnosis in can-
cer patients with nephrotic syndrome (NS).

In the present Japanese single-center cohort study, we 
examined clinicopathological features in 9 patients with 
proteinuria who were treated with VEGF-VEGFR2 inhibi-
tors, including Bmab, and observed characteristic findings 
matched with those in the recently proposed Bmab-associ-
ated glomerular microangiopathy [10] in all cases.

Patients and methods

Patients

This study was based on the renal histological records (from 
January 2017 to December 2020) of 962 patients studied at 
Akita University Hospital and its affiliated hospitals. Among 
962 Japanese patients, 9 cancer patients treated with VEGF-
VEGFR2 inhibitors were diagnosed with drug-associated 
hyaline occlusive glomerular microangiopathy as described 
below, giving a prevalence rate of 0.94% among all renal 
biopsies.

Clinicopathological analysis

Clinical data were collected from medical records for age, 
sex, urinalysis, serum albumin, and serum creatinine (Cr) 
at the time of renal biopsy. NS was defined as urinary 
protein ≥ 3.5 g/day or g/gCr and hypoalbuminemia (serum 
albumin ≤ 3.0 g/dL). Treatment information and follow-up 
data were collected via a questionnaire in order to deter-
mine the outcome of each patient after the biopsy.

Renal biopsy specimens from 9 proteinuric cancer 
patients treated with VEGF-VEGFR2 inhibitors were pro-
cessed using standard techniques for light, immunofluores-
cence, and electron microscopies. Formalin-fixed, paraffin-
embedded sections were stained with hematoxylin and eosin 
(HE), PAS, Masson trichrome (MT), and periodic acid-
methenamine silver (PAM). PAS-positive hyaline occlusive 
pseudothrombi was graded as the percentage calculated 
by dividing the number of glomeruli containing pseudo-
thrombi by the number of functioning glomeruli observed 
on PAS-stained sections: mild (< 25%), moderate (25–50%), 
and severe (> 50%). Tubulointerstitial damage and vascu-
lar lesions were categorized as mild (< 25%), moderate 
(25–50%), and severe (> 50%) as previously described [11, 
12]. The sections were also processed for immunohistochem-
istry with rabbit polyclonal antibodies to human IgG, IgA, 
and IgM (Dako, Glostrup, Denmark), or with mouse mon-
oclonal antibodies to human CD61 (platelet glycoprotein 
IIIa) (Dako) and VEGF (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA). The sections were then stained using anti-
rabbit immunoglobulins conjugated to a peroxidase-labeled 
polymer (Dako), or with the ImmPRESS™ Anti-Mouse Ig 
(peroxidase) Reagent (Vector Laboratories, Burlingame, CA, 
USA). Renal sections of autopsy specimens from a patient 
who died of acute TMA were used as a positive control for 
CD61 staining. VEGF expression was graded according 
to the intensity of staining as weak (1 +), moderate (2 +), 
and strong (3 +). Cryostat sections for immunofluorescence 
microscopy were stained with fluorescein isothiocyanate 
(FITC)-conjugated rabbit polyclonal antibodies to human 
IgG, IgA, IgM, κ, λ, C3, and C1q (Dako). For C4d stain-
ing, mouse monoclonal antibody to human C4d (Quidel, 
San Diego, CA, USA) and FITC-conjugated goat polyclonal 
antibody to mouse immunoglobulins (Dako/Agilent, Santa 
Clara, CA, USA) were used. In Case #9, paraffin immuno-
fluorescence [13] was also performed. Immunofluorescence 
intensity was graded as negative (−), faint ( ±), weakly posi-
tive (1+), moderately positive (2+), and strongly positive 
(3+). Podocyte foot process effacement was graded as the 
percentage of total glomerular capillary surface area over 
which the podocytes foot processes were effaced on electron 
microscopy: mild (< 25%), moderate (25–50%), and severe 
(> 50%).
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Statistical analysis

Pearson’s correlation coefficient test was used to examine 
the relationship between podocyte VEGF expression and 
podocyte foot process effacement.

Results

Clinical features

Clinical features in 9 patients (7 males and 2 females) with 
proteinuria who were treated with VEGF-VEGFR2 inhibi-
tors are summarized in Table 1. The median age at the time 
of renal biopsy was 68 years (range 34–83). One patient 
(Case #9) had diabetic kidney disease. Cancer localiza-
tions were found in the colorectum in 4 patients, lung in 
4 patients, and brain in one patient. Eight patients were 
treated with various anticancer drugs. All patients were ini-
tially treated with Bmab (the cumulative dose: 45–500 mg/
kg), and 5 patients were treated with RAM (8–48 mg/kg) 
or AFB (20 mg/kg) following Bmab treatment. The median 
time from the beginning of Bmab treatment to the onset of 
renal disease was 11 months (range 3–44). Six patients were 
treated with antihypertensive drugs. Seven patients had leg 
edema or anasarca. Before Bmab treatment, 7 patients had 
no proteinuria. At the time of renal biopsy, all patients had 
moderate to heavy proteinuria, and 5 patients developed NS. 
All patients presented with normal or slightly elevated lev-
els of serum creatinine (0.73–1.42 mg/dL). Laboratory data 
after discontinuing VEGF-VEGFR2 inhibitors are also sum-
marized in Table 1. Specific treatment was not performed in 
any cases, except Case #4 was treated with prednisolone as 
a short-term diagnostic therapy. Proteinuria improved in 8 
patients, and serum creatinine level was stable or decreased 
in 6 patients. Persistent heavy proteinuria in Case #9 was 
probably due to diabetic kidney disease. The median follow-
up period was 11 months (range 2–38). Four patients died 
due to tumor progression.

Histopathological features

All nine biopsies from proteinuric patients treated with 
VEGF-VEGFR2 inhibitors showed variably PAS-positive 
hemispherical/spherical lesions along glomerular capil-
lary walls and in para-mesangial areas on light microscopy 
(Fig. 1, Table 2). Colors of PAS-positive hemispherical/
spherical lesions were different: some showed pale stain-
ing, whereas others showed dense staining (Fig. 1). Colors 
of these lesions were also variable on MT staining and PAM 
staining (Fig. 2). Double contours of the glomerular base-
ment membranes and mesangiolysis were also observed on 
light microscopy (Figs. 1, 2). Tubulointerstitial alterations 

were commonly mild (Table  2). Immunofluorescence 
microscopy showed positive staining for immunoglobulins 
(IgM dominant) and compliments at varying intensities 
along glomerular capillary walls and in mesangial areas in 
a granular/fringe pattern (Fig. 3, Table 2). Characteristic 
hemispherical/spherical positive staining (IgM dominant) 
was also observed mainly along glomerular capillary walls 
in all cases (Fig. 3, Table 2). Immunohistochemical stud-
ies showed that hemispherical/spherical lesions along glo-
merular capillary walls were positive for immunoglobulins 
but negative for CD61-positive platelets (Fig. 4), and that 
podocytes were positive for VEGF (Fig. 4) in all cases. Elec-
tron microscopy showed variably electron-dense material in 
dilated glomerular capillaries, loss of endothelial fenestra-
tion, subendothelial material filling with double-contoured 
glomerular basement membranes, and partial effacement 
of podocyte foot processes (Fig. 5) in all cases, except for 
Case #9 with no glomeruli in the specimen. These findings 
were consistent with those of Bmab-associated glomerular 
microangiopathy [9, 10]. Based on the above-mentioned 
observations, PAS-positive hemispherical/spherical lesions 
along glomerular capillary walls were considered to be hya-
line pseudothrombi occluding dilated glomerular capillaries. 
There was no correlation between podocyte VEGF expres-
sion and podocyte foot process effacement.

Discussion

VEGF-VEGFR2 inhibitors, including Bmab, may cause 
renal injury via complex mechanisms. In earlier cohort stud-
ies reported in 2012–2014, acute/chronic glomerular TMA 
was the main pathological type [6–8]. In this type, mild to 
moderate proteinuria and hypertension are often seen, but 
sometimes massive proteinuria and/or renal insufficiency 
develop [6–8]. As VEGF-VEGFR2 inhibitor-associated 
nephrotoxicity may mimic preeclampsia, there are patho-
physiological similarities between renal involvement in 
preeclampsia and VEGF ablation therapy due to decreased 
levels of local and circulating VEGF [14]. In both preec-
lampsia and Bmab-induced renal injury, the VEGF-VEGFR2 
pathway is either blocked by placental soluble fms-like 
tyrosine kinase-1 or anti-VEGF antibody (or VEGF trap). 
Blocking of this pathway may lead to glomerular endothe-
liosis and TMA by the same pathophysiological factors [14].

Recently, a new pathological form of Bmab-associated 
glomerulopathy, hyaline occlusive glomerular microangi-
opathy, has been recognized in two European cohort stud-
ies [9, 10]. This form is characterized by a patchy pattern 
of variably PAS-positive hyaline pseudothrombi occluding 
dilated glomerular capillaries. In these cohort studies [9, 10] 
as well as in our study, colors of PAS-positive hemispheri-
cal/spherical lesions were different. Colors of these lesions 
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were also variable on MT staining and PAM staining in our 
study. This staining heterogeneity may be a diagnostic clue 
for VEGF-VEGFR2 inhibitor-associated hyaline occlusive 
glomerular microangiopathy.

To the best of our knowledge, there are two prior reports 
of probable Bmab-associated glomerular microangiopa-
thy (published in 2013–2014) [15, 16] and a most recent 
case report of Bmab-associated glomerular microangiopa-
thy [17]. Interestingly, all these cases were reported from 
Japanese institutes, and the above-mentioned characteristic 
histopathological findings of this glomerular microangiopa-
thy were observed in these cases of Bmab-treated cancer 
patients. On the other hand, information on renal biopsy 
findings other than TMA and FSGS in patients with AFB- or 
RAM-induced renal diseases is still limited [18–21]. Tyros-
ine kinase inhibitors of VEGFR2, such as sunitinib and 
nintedanib, may also lead to hyaline occlusive glomerular 
microangiopathy [9, 22].

In the present Japanese cohort study, we analyzed 9 renal 
biopsies from proteinuric cancer patients treated with VEGF-
VEGFR2 inhibitors (Bmab in all cases). All patients devel-
oped moderate to heavy proteinuria with normal or slightly 

elevated levels of serum Cr. The following histopathologi-
cal findings were characteristic in our patient: PAS-positive 
hemispherical/spherical lesions along glomerular capillary 
walls, positive staining for immunoglobulins (IgM domi-
nant) at varying intensities along glomerular capillary walls, 
and variably electron-dense material in the hemispherical/
spherical lesions in dilated glomerular capillaries. Double 
contours of glomerular basement membranes, mesangioly-
sis, and partial effacement of podocyte foot processes were 
also commonly observed. Immunohistochemical studies 
showed positive staining for immunoglobulins and negative 
staining for CD61-positive platelets in glomerular capillary 
hemispherical/spherical lesions. These histopathological 
findings are consistent with those in the recently described 
Bmab-associated glomerular microangiopathy [9, 10]. Addi-
tionally, our study along with a very recent case report [17] 
showed that hemispherical/spherical positive staining for 
immunoglobulins (IgM dominant or “full house” staining) 
is a characteristic pattern of this glomerulopathy on immu-
nofluorescence microscopy. Furthermore, positive staining 
for C4d along glomerular capillary walls was commonly 
observed in our study. Glomerular C4d deposition can be 

Fig. 1  Light microscopic findings of VEGF-VEGFR2 inhibitor-
associated glomerular microangiopathy. Representative findings 
are shown (Cases #1–#9). Variably PAS-positive hemispherical/

spherical lesions (arrows) along glomerular capillary walls and the 
para-mesangial area are observed (PAS staining, original magnifica-
tion  600×). The scale bars represent 20 μm
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Table 2  Histopathological characteristics of each patient with VEGF-VEGFR2 inhibitor-associated glomerular microangiopathy

Fri fringe, Gra granular, Mes mesangial, Seg segmental
* Presence of hemispherical/spherical positive staining

Case #1 Case #2 Case #3 Case #4 Case #5 Case #6 Case #7 Case #8 Case #9

Light microscopy
 Number of 

glomeruli
33 20 26 18 25 24 18 18 40

 Number 
of global 
sclerosis

4 2 1 4 1 6 0 2 27

 Glomerular 
hyaline 
pseudo-
thrombi

Severe 
(23/29)

Mild (3/18) Moderate 
(9/25)

Moderate 
(4/14)

Severe 
(20/24)

Severe 
(11/18)

Severe 
(14/18)

Severe 
(9/16)

Mild (2/13)

 Tubular 
atrophy

Mild Mild Mild Mild Mild Mild Mild Mild Moderate

 Interstitial 
fibrosis

Mild Mild Mild Mild Mild Mild Mild Mild Moderate

 Vascular 
lesions

Moderate Moderate Moderate Mild Moderate Moderate Mild Mild Severe

Immunofluorescence microscopy
 Glomerular 

staining 
pattern

Loop Loop/Mes Loop Loop Loop Loop Loop/Mes Loop Loop/Mes

* Gra/Fri* Gra* Gra/Fri* Gra/Fri* Gra/Fri* Gra* Gra/Fri* Gra/Fri*
 IgG  −  +  ±  −  −  + (Seg)  +  −  ± 
 IgA  −  +  ±  ±  −  + 2 + (Seg)  −  + 
 IgM  + 2 +  −  + 2 +  +  + 2 +  + 
 κ  + 2 +  −  ±  +  +  ±  +  + 
 λ  + 2 +  −  +  ±  +  ± 2 +  + 
 C3  −  −  ±  −  −  ±  ±  −  ± 
 C4d  +  +  +  + 2 +  + 2 + 2 +  − 
 C1q  −  +  −  −  −  −  ±  −  ± 

Electron microscopy
 Podocyte 

foot 
process 
efface-
ment

Moderate Severe Severe Mild Moderate Mild Mild Severe No glomeruli

Fig. 2  Light microscopic findings of VEGF-VEGFR2 inhibitor-
associated glomerular microangiopathy. Representative findings are 
shown (Case #5). Hemispherical/spherical lesions (arrows), double 

contours of glomerular basement membranes, and mesangiolysis 
are observed (HE staining, MT staining, and PAM staining, original 
magnification   600×). The scale bars represent 20 μm



1199Clinical and Experimental Nephrology (2021) 25:1193–1202 

1 3

detected in the majority of cases of Bmab-associated glo-
merular microangiopathy [9, 10], as a result of endothelial 
injury [23].

Pfister et al. [9] proposed a hypothetical sequence of the 
evolution of segmental hyalinosis from glomerular capillary 
microaneurysms in anti-VEGF therapy-induced glomerular 

Fig. 3  Immunofluorescence microscopy findings of VEGF-VEGFR2 
inhibitor-associated glomerular microangiopathy. Representative find-
ings are shown (Case #2). Positive staining for IgG, IgA, IgM, κ, λ, 

C4d, and C1q at varying intensities in a granular/fringe pattern are 
observed along glomerular capillary walls and in the mesangial area. 
Hemispherical/spherical positive staining (arrows) is also observed

Fig. 4  Immunohistochemical findings of VEGF-VEGFR2 inhibitor-
associated glomerular microangiopathy. Representative findings are 
shown (Case #5). Positive staining for immunoglobulins but negative 
staining for CD61 in dilated capillaries (arrows) and positive stain-
ing for VEGE in podocytes are observed (IgG staining, IgA staining, 

IgM staining, CD61 staining, and VEGF staining, original magnifica-
tion   600×). In an autopsy case of glomerular TMA, positive staining 
for CD61 is observed in thrombi (CD61 staining, original magnifica-
tion  600 ×). The scale bars represent 20 μm
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microangiopathy, which may explain the clinicopathological 
characteristics of this glomerular microangiopathy. Initially, 
anti-VEGF agents induce a loss of fenestration of glomeru-
lar endothelial cells and degenerative changes of these cells 
with detachment from glomerular basement membranes. 
During this process, a microaneurysm forms, and this is 
progressively filled with material probably of plasma insuda-
tions, including immunoglobulins and complements, which 
solidify to segmental hyalinoses as the process advances. 
Although podocytes are well preserved at the beginning of 
insult, they develop partial effacement of the podocyte foot 
processes as a consequence of persistent proteinuria dur-
ing the course of the disease. Person et al. [10] also sug-
gested that Bmab-associated hyaline occlusive glomerular 
microangiopathy likely arises from endothelial leakage fol-
lowed by subendothelial accumulation of plasma proteins, 
based on the results of comparative proteomics analysis of 
glomerular proteins from patients with Bmab-associated 
glomerular microangiopathy, acute glomerular TMA, and 
cryoglobulinemic membranoproliferative glomerulonephri-
tis. The mechanistic processes of Bmab-associated hyaline 
occlusive lesions may be similar to those of the so-called 
fibrin cap in diabetic nephropathy. Fibrin cap lesions are 
caused by insudation and accumulation of plasma proteins 
between the glomerular epithelia and basement membranes 
within microaneurysms, which are usually found surround-
ing the expanded nodules during disease progression [24].

Our 9 study patients with VEGF-VEGFR2 inhibitor-asso-
ciated hyaline occlusive glomerular microangiopathy devel-
oped moderate to heavy proteinuria (NS in 5 patients) with 
normal or slightly elevated levels of serum Cr. After with-
drawal of VEGF-VEGFR2 inhibitors, proteinuria improved 

without any specific treatment in all cases, except for Case 
#9 with diabetic kidney disease. In contrast to decreased or 
undetectable glomerular VEGF expression in patients with 
glomerular TMA following anti-VEGF therapy [7, 25], our 
immunohistochemical analysis revealed that VEGF was 
positively stained at varying intensities in podocytes in all 
patients, indicating preserved VEGF production by podo-
cytes. In the previous cohort studies of Bmab-associated 
glomerular microangiopathy [9, 10], glomerular VEGF 
expression was not examined. Morimoto et al. [17] presented 
a single case of NS due to this glomerular microangiopathy, 
whereby VEGF expression was markedly reduced in glo-
meruli. This patient did not achieve type 1 partial remission 
or complete remission of NS at 28 months after Bmab with-
drawal. Therefore, the VEGF-VEGFR2 inhibitor-associated 
glomerular microangiopathy in our cases and that of Mori-
moto et al. [17] suggest that preserved VEGF production 
by podocytes may have a cellular protective effect against 
nephrotoxicity of VEGF-VEGFR2 inhibitors to facilitate 
early recovery. This may be supported by the following 
observations in mice: cultured podocytes have a functional 
autocrine VEGF system that promotes cell survival through 
VEGFR2 by regulating slit diaphragm proteins [26], and 
podocyte-derived VEGF regulates the structure and func-
tion of the adjacent glomerular endothelial cells through a 
paracrine VEGF-VEGFR2 signaling loop [27].

The reason why only a subset of patients receiving 
VEGF-VEGFR2 inhibitors develop glomerular TMA or 
hyaline occlusive glomerular microangiopathy remains 
unclear. The cause of the different main histopathologi-
cal types among the reported cohorts [6–10] also remains 
obscure. Glomerular TMA was the main histopathological 

Fig. 5  Electron microscopy findings of VEGF-VEGFR2 inhibitor-
associated glomerular microangiopathy. Representative findings are 
shown (Case #7). A Variably electron-dense material without diag-
nostic secondary structures is observed in a dilated capillary loop 
with a collapsed endothelial cell (arrow). The scale bar represents 

2  μm. B Loss of endothelial fenestration, subendothelial electron-
dense material with double-contoured glomerular basement mem-
brane (arrow), and podocyte foot process effacement are observed. 
The scale bar represents 2 μm
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type in the European cohorts of den Deurwaarder et al. [6], 
Vigneau et al. [7], and Izzedine et al. [8], whereas hya-
line occlusive glomerular microangiopathy was the main 
histopathological type in the recently reported European 
cohorts of Pfister et al [9] and Person et al. [10] as well 
as in our Japanese cohort. Thus, different genetic back-
grounds are unlikely to be the source of such differences. 
In the previously reported European cohorts [6–10], the 
cumulative dose of Bmab was not described. It is therefore 
difficult to elucidate the relationship between the drug dos-
age and histopathological type. In recent years, the use of 
VEGF-VEGFR2 inhibitors has become widespread, and 
the number of cancer patients with treatment-associated 
renal diseases is increasing. It is possible that different 
indications of renal biopsy for these cancer patients may 
be one of the causes of the different incidences of VEGF-
VEGFR2 inhibitor-associated glomerular microangiopa-
thy among institutes. A recent Japanese single-institution 
analysis identified systolic blood pressure, concomitant 
use of calcium channel blockers, and the number of cycles 
of chemotherapy with VEGF-VEGFR2 inhibitors as sig-
nificant predictors of the development of proteinuria in 
cancer patients treated with Bmab, RAM, and AFB [28]. 
A recent database analysis of the Japanese Adverse Drugs 
Event Report also showed that VEGF-VEGFR2 inhibitors 
were the major causative drugs in patients with NS due to 
antineoplastic drugs [29]. Thus, further studies of VEGF-
VEGFR2 inhibitor-associated renal diseases are important 
in the field of onconephrology [30, 31].

In conclusion, the recently described new form of hya-
line occlusive glomerular microangiopathy is the main his-
topathological type in our Japanese cancer patients treated 
with VEGF-VEGFR2 inhibitors. Nephrologists should be 
aware of this form in these inhibitor-treated cancer patients 
with proteinuria and relatively preserved renal function. 
This form can be diagnosed by light and immunofluores-
cence microscopies and may be reversible after early drug 
discontinuation.
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