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Abstract
Bevacizumab is a monoclonal antibody against vascular endothelial growth factor (VEGF) that is used to treat patients 
with various cancers. However, it is known to be associated with adverse events, such as hypertension and proteinuria. The 
histology of bevacizumab-induced nephropathy is known as thrombotic microangiopathy or minimal change nephrotic 
syndrome. Recently, however, the terms “bevacizumab-associated glomerular microangiopathy” and “anti-VEGF therapy-
induced glomerular microangiopathy” have been proposed. We present a case of a 68-year-old woman who was adminis-
tered postoperative chemotherapy (carboplatin, paclitaxel, and bevacizumab) for stage IV ovarian cancer. Proteinuria and 
hypertension appeared after three courses; however, six courses were completed. Then, gemcitabine and carboplatin were 
administered for recurrence of her cancer. She was diagnosed with nephrotic syndrome after eight courses. Renal biopsy 
showed accumulation of periodic acid-Schiff (PAS)-positive substances in the capillary walls and para-mesangial areas. 
Double contouring of basement membranes was also observed. Immunofluorescence microscopy revealed positive staining 
for IgG, IgA, IgM, C3, C4, and C1q. Immunosuppressive therapy was administered, but was ineffective. Further examina-
tion by electron microscopy and immunostaining led to a diagnosis of bevacizumab-associated glomerular microangiopathy.
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Introduction

Bevacizumab is a monoclonal antibody against vascular 
endothelial growth factor (VEGF) that is used to treat vari-
ous cancers. Adverse events caused by this agent include 
hypertension and proteinuria; notably, severe proteinuria 
(grade 3 or ≥ 3.5 g/day) is observed in approximately 3% 
of patients [1, 2]. The histological types of this type of 
nephropathy include thrombotic microangiopathy (TMA) 
[3, 4] and minimal change nephrotic syndrome [5].

However, bevacizumab-associated glomerular microangi-
opathy or anti-VEGF therapy-induced glomerular microan-
giopathy have been proposed as renal lesions that differ from 
TMA and were previously considered forms of ‘glomerular 

TMA’ [6, 7]. Here, we report our experience with a patient 
whose presentation appeared to match this concept.

Case report

A 68-year-old woman with a history of advanced ovarian 
cancer was admitted to our hospital for nephrotic syndrome. 
In June 2016, hysterectomy and bilateral salpingo-oopho-
rectomy with dissection of the omental, umbilical, and right 
inguinal lymph nodes were performed for ovarian cancer. 
The postoperative diagnosis was high-grade serous adeno-
carcinoma, pT3N1M1, stage IVB. Preoperative urinary 
examinations showed no abnormal findings. Postoperative 
chemotherapy with carboplatin, paclitaxel, and bevacizumab 
was initiated in July 2016. After three courses, proteinuria 
and elevated blood pressure were observed. The proteinuria 
was still present after six courses at a level of 2 + , but the 
hypertension trended toward improvement. The patient was 
placed under observation.

In June 2017, ovarian cancer recurrence was detected as 
peritoneal dissemination and left lymph node metastasis, and 
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administration of gemcitabine and carboplatin was initiated. 
The proteinuria was sustained at a level of 1 +  to 2 + during 
the second chemotherapy. In March 2018, after the eighth 
course, the patient noticed edema of the lower legs, and was 
admitted to our hospital.

On admission, physical examination revealed a slightly 
elevated blood pressure of 144/89 mmHg. Her palpebral 
conjunctiva was pale. Surgical scars were observed on her 
abdomen, lower abdominal midline, and right lower abdo-
men. Her limbs exhibited mild pitting edema. No abnormal 
signs were observed in her lungs, heart, or skin.

Laboratory findings on admission are listed in Table 1. 
Nephrotic syndrome was significant with urinary protein 
6.75 g/gCr and serum albumin 2.7 g/dL, accompanied by 
urinary erythrocytes (30–40/high-powered field), and granu-
lar casts. Antinuclear antibodies were positive, while anti-
double stranded-DNA antibodies were negative. Cryoglo-
bulin was also negative.

Percutaneous renal biopsy was performed. A total of 29 
glomeruli were observed in a specimen by light micros-
copy; of these, 4 showed global sclerosis. The other 
glomeruli exhibited periodic acid-Schiff (PAS)-positive 
lesions in the capillary walls and para-mesangial area, and 
the affected capillary lumen was almost occluded. Podo-
cyte detachment was found in some glomerular capillar-
ies (Fig. 1a). Periodic acid-methenamine silver staining 
showed extensive double contouring of the glomerular 
basement membrane and spike formation in restricted 
area (Fig. 1b). Some dilation of proximal tubules, absence 
of the brush border, and mild interstitial infiltration of 

lymphocytes were observed (Fig.  1c). Immunohisto-
chemical staining revealed that the PAS-positive lesions 
were CD61-negative (anti CD61 antibody; Clone Y2/51, 
Dako, dilution 1:100), which indicated that the lesion 
contained no platelets (Fig. 1d). VEGF (anti VEGF anti-
body; SC7269, Santa Cruz, dilution 1:250) expression 
was decreased in glomeruli (Fig. 1e). Staining for phos-
pholipase A2 receptor (Anti-PLA2R1; HPA012657, Atlas 
Antibodies, Poly IgG, × 2000) and thrombospondin type-1 
domain-containing 7A (Anti-THSD7A; HPA000923, 
SIGMA, Atlas Antibodies, Poly IgG, × 800) were nega-
tive. The samples tested positive for IgG, IgA, IgM, C3, 
C4, and C1q on immunofluorescence microscopy (Fig. 2). 
Electron microscopy revealed the presence of electron 
dense materials in the subendothelial and para-mesangial 
area. Disappearance of the endothelial fenestrations and 
extensive foot process effacement were also noted in glo-
merular capillaries (Fig. 3a). Subepithelial deposits were 
observed in a limited area of the glomerular basement 
membrane (Fig. 3b).  

Immune complex-mediated glomerulopathy was sus-
pected based on the renal biopsy findings. Oral corticos-
teroids (prednisolone) were administered, but were ineffec-
tive; hence, mycophenolate mofetil (MMF) was included 
in the regimen. There was no response after approximately 
3 months of immunosuppressive therapy, following which 
prednisolone and MMF were tapered and symptomatic treat-
ment was administered. Approximately 10 months after 
biopsy (28 months after the last bevacizumab administration 
and 12 months after the last gemcitabine administration), 

Table 1  Laboratory findings

RBC red blood cells, WBC white blood cells, HPF high power field, Cr creatinine, TP total protein, T-bil 
total bilirubin, AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate dehydrogenase, 
CPK creatine phosphokinase, BUN blood urea nitrogen, CRP C-reactive protein, ANA antinuclear antibody, 
ANCA antineutrophil cytoplasmic antibody, PT prothrombin time, APTT activated partial thromboplastin 
time

Urinalysis Blood chemistry Serology

Glucose (–) TP 4.8 g/dl IgG 401 mg/dl
Protein (3 +) Albumin 2.7 g/dl IgA 105 mg/dl
Occult blood (4 +) T-bil 0.30 mg/dl IgM 134 mg/dl
RBC 30–49/HPF AST 23 IU/l CH50 42.5 U/l
WBC (-) ALT 14 IU/l C3 102 mg/dl
Granular casts ( +) LDH 214 IU/l C4 22.2 mg/dl
Protein/Cr 6.75 g/gCr CPK 104 IU/l ANA 1280x

Cr 0.83 mg/dl anti-dsDNA antibody (–)
Blood cell count BUN 23.4 mg/dl PR3-ANCA (–)
 WBC 5,320/μl Na 140 mEq/l MPO-ANCA (–)
 RBC 246 × 104/μl K 4.3 mEq/l cryoglobulin (–)
 Hemoglobin 7.7 g/dl Cl 111 mEq/l
 Hematocrit 23.1% CRP 0.05 mg/dl Coagulation
 Platelet 19.6 × 104/μl PT 116.3%

APTT 26.2 s
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the patient exhibited partial remission (type 2). No further 
progression of the ovarian cancer was observed during this 
time.

Discussion

Glomerular TMA caused by bevacizumab is thought to 
result from a decrease in VEGF secretion from glomerular 
podocytes; thus, preventing the stimulation of endothelial 
cells and disrupting the maintenance function of the cap-
illaries [4]. Renal biopsies from patients with TMA gen-
erally reveal subendothelial edema, double contouring of 
basement membranes, mesangiolysis, and podocyte efface-
ment. However, there have been several reports of bevaci-
zumab-induced nephropathy, in which immune complex 
involvement is suspected. In such cases, positive staining 
for immunoglobulins (commonly for IgA), complements on 
immunofluorescence microscopy, or exhibition of electron 

dense deposits in the subendothelium or paramesangial area 
were thought to represent immune complexes [8–10], these 
are often interpreted as reflecting IgA nephropathy alone or 
in combination with TMA.

Pfister et al. performed histological comparisons between 
membranoproliferative glomerulonephritis, acute TMA, and 
nephropathy associated with anti-VEGF agents, including 
bevacizumab [6]. They reported that the features of anti-
VEGF-associated nephropathy include glomerular capillary 
microaneurysms and segmental hyalinosis. Furthermore, 
signs of acute TMA, such as fibrin thrombi and fragmented 
erythrocytes are not common in patients with anti-VEGF-
associated nephropathy. The term “anti-VEGF therapy-
induced glomerular microangiopathy” was proposed instead 
of glomerular TMA.

Person et al. compared renal biopsy findings in patients 
with nephropathy due to bevacizumab to those of patients 
with TMA from other causes [7] and found that PAS-positive 
pseudothrombi are characteristic of bevacizumab-associated 

Fig. 1  Light microscopy findings and immunohistochemical analy-
sis. a Periodic acid-Schiff (PAS)-positive hemispherical lesions in 
the glomerular capillary walls and para-mesangial area. The affected 
capillary lumen is almost occluded. Podocyte detachment is found 
in some glomerular capillaries. b Periodic acid-methenamine sil-
ver staining showing double contouring of the glomerular basement 
membrane and spike formation (inset). c Mild tubulointerstitial 

change with some dilation of the proximal tubules, absence of the 
brush border, and interstitial infiltration of lymphocytes is observed. 
d Immunohistochemical analysis showing that the PAS-positive 
lesions were CD61 negative. e VEGF expression is markedly reduced 
in glomeruli. (a, b, d, and f: original magnification, 400 × ; c: original 
magnification, 100 ×)
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nephropathy. Unlike the thrombi observed in TMA, immu-
nohistochemical assays revealed that pseudothrombi did not 
contain platelets or fibrin. Moreover, IgG, IgA, IgM, C3, and 
C1q were positive at varying intensities on immunohisto-
chemical staining, although the results of proximity ligation 
assays indicated no formation of immune complexes. Based 
on these findings, they argued that inhibition of VEGF by 
bevacizumab enhances endothelial cell permeability and 
allows serum proteins to accumulate in the subendothelium 
without forming immune complexes.

In our patient, PAS-positive lesions similar to the pseu-
dothrombi reported by Person et al. were observed, although 
these areas did not contain platelets. Double contouring of 
the basement membranes was also observed, and immu-
nofluorescence microscopy revealed “full house” staining. 
These are the characteristics of bevacizumab-associated glo-
merular microangiopathy.

However, our patient exhibited certain characteristics 
that were distinct from those reported previously. First, the 
onset of nephrotic syndrome was 17 months after the end 

Fig. 3  Electron microscopy. 
a Electron-dense materials in 
the subendothelial space and 
paramesangial area are shown. 
Some electron-dense material 
in the subendothelial space 
contained cell debris (asterisk). 
Extensive foot process efface-
ment is present in glomerular 
capillaries. Microvillous 
changes in podocytes are 
seen. Disappearance of the 
endothelial fenestrations is also 
noted (original magnification, 
1500 ×). b Subepithelial depos-
its are observed in a limited area 
(arrow; original magnification, 
5000 ×)

Fig. 2  Immunofluorescence analysis. The glomerular basement membrane and mesangial area stained positive for IgG, IgA, IgM, C1q, C3, and 
C4
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of bevacizumab administration and that gemcitabine was 
administered after bevacizumab. Proteinuria as an adverse 
event of bevacizumab administration generally decreased 
after discontinuing this medication; however, sustained pro-
teinuria over 10 months after cessation has been reported 
[8]. In addition, gemcitabine also causes TMA, and the pos-
sibility that it might have contributed to the development of 
glomerular endothelial cell damage and nephrotic syndrome 
in our patient cannot be ruled out.

Second, our case revealed extensive effacement of the 
foot process. Foot process effacement in bevacizumab-
associated glomerular microangiopathy has been reported 
to have varying intensity, ranging from mild to subtotal [6]. 
VEGF is generally expressed in podocytes and considered 
to have a protective effect on podocytes by reducing apop-
tosis and regulating slit diaphragm proteins [11]. VEGF 
blockade in mice is reported to induce proteinuria and foot 
process effacement via down-regulation of nephrin, one of 
slit diaphragm proteins [12, 13]. Zhao et al. also reported 
that bevacizumab administration in rats reduced VEGF 
expression and induced an extremely fused foot process 
of podocytes [14]. In our case, VEGF expression in glo-
meruli was markedly reduced (Fig. 1e), and bevacizumab 
was considered the possible cause of this podocyte damage.

Third, we considered the possibility of paraneoplastic 
syndrome. The histological types of paraneoplastic glo-
merulopathies associated with ovarian tumor have been 
reported as membranous nephropathy, minimal change 
nephrotic syndrome, and membranoproliferative glomeru-
lonephritis (MPGN) [11]. In our clinical case, both spike 
formation in the glomerular basement membranes as well 
as subepithelial deposits observed in restricted areas can-
not be explained by either TMA or bevacizumab-associ-
ated glomerular microangiopathy. These may have been 
complications of membranous nephropathy caused by the 
cancer itself. THSD7A is known as a target antigen of 
idiopathic membranous nephropathy, but it is also associ-
ated with malignancy in 33.3% [15]. However, THSD7A 
staining was negative in our case. Our case also had the 
characteristics of MPGN such as double contouring of the 
basement membranes and dense deposit-like lesions in the 
subendothelial and mesangial areas. However, the clinical 
course of nephrotic syndrome was not parallel to that of 
ovarian cancer, indicating that this glomerulopathy was 
not paraneoplastic syndrome.

Conclusion

We encountered a patient with bevacizumab-associated 
glomerular microangiopathy who presented with nephrotic 
syndrome after postoperative chemotherapy for stage IV 

ovarian cancer. Our examinations revealed that nephropa-
thy caused by bevacizumab exhibits PAS-positive pseudo-
thrombi and “full house” staining determined by immuno-
fluorescence microscopy findings, as well as electron dense 
deposit-like findings in the pseudothrombi as observed by 
electron microscopy. These findings are similar to those of 
immune complex-mediated glomerulopathy, such as lupus 
nephritis. In recent years, the use of bevacizumab and other 
forms of anti-VEGF therapy have become widespread. To 
avoid unnecessary immunosuppressive therapy, nephrolo-
gists should be aware of bevacizumab-associated glomeru-
lar microangiopathy as a separate type of drug-induced 
nephropathy.
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