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SUMMARY
Ramucirumab- induced renal dysfunction is rarely 
reported. The pathology of ramucirumab- associated 
nephropathy in past reports primarily shows thrombotic 
microangiopathy (TMA) lesions but podocytopathy is not 
yet known. We report a case of kidney injury induced by 
ramucirumab in a 71- year- old man with cecal cancer. 
He was referred to our department for increasing serum 
creatinine (Cr) levels from 1.08 mg/dL to 2.56 mg/dL 
after changing anticancer drugs from bevacizumab to 
ramucirumab. He showed nephrotic- range proteinuria 
(12.1 g/gCr). A renal biopsy revealed endothelial cell 
injuries, such as TMA and podocytopathy with epithelial 
cell hyperplasia, which looked like a crescent. After 
discontinuing ramucirumab, his renal function and 
proteinuria improved, as seen by his Cr levels and 
proteinuria which decreased to 1.74 mg/dL and 1.21 g/
gCr, respectively, in 3 months. Unlike previous reports, we 
found that ramucirumab caused podocyte injuries.

BACKGROUND
Currently, inhibiting vascular endothelial growth 
factor (VEGF) signalling is one of the most effi-
cient ways to treat cancers. Ramucirumab is a fully 
humanised monoclonal antibody targeting VEGF 
receptor-2 (VEGFR-2) and it inhibits downstream 
signalling.1 In the last decade, antiangiogenic agents 
for solid cancers have caused renal dysfunction.2 
However, renal dysfunction induced by ramu-
cirumab is rarely reported3 and its specific clinical 
course is still unknown.

We present the case of a 71- year- old man who 
had acute kidney injury with nephrotic- range 
proteinuria after ramucirumab administration. 
Past reports showed only thrombotic microangi-
opathy (TMA) in renal pathological changes,3 but 
his pathological findings suggested ramucirumab 
induced TMA and podocytopathy, which included 
a crescent- like lesion.

CASE PRESENTATION
A 71- year- old man diagnosed with cecal cancer 
with lymph node metastasis underwent an ileo-
cecal resection and received chemotherapy. He 
completed his therapy and remained stable for 
the next few years. When imaging studies showed 
a progressive disease, he restarted chemotherapy 
with folinic acid, fluorouracil, irinotecan and beva-
cizumab. With bevacizumab, he showed protein-
uria 3+ in a dipstick test; therefore, he was closely 
monitored. After a year, because he presented with 

a progressive disease, bevacizumab was changed to 
ramucirumab. After 2 weeks, he was admitted to 
our department because of oedema exacerbation. 
He had high blood pressure, which was 172/83 
mm Hg, although he had already been taking medi-
cation for hypertension. His blood pressure was 
usually controlled at approximately 150/80 mm 
Hg with an angiotensin II receptor blocker and a 
calcium channel blocker. His weight was 68 kg, 
although his usual weight was 61 kg. He showed 
pitting oedema.

INVESTIGATIONS
The laboratory data (table 1) showed worsening 
renal function and nephrotic- range proteinuria 
of 12.1 g/gCr. Serum creatinine (Cr) levels were 
increased from 1.08 mg/dL to 2.56 mg/dL. Serum 
albumin decreased from 3.9 g/dL to 3.2 g/dL. 
The kidney sizes were 108×56 mm (right) and 
117×56 mm (left).

A kidney biopsy was performed. The renal biopsy 
specimen contained 18 glomeruli. Two glomeruli 
showed global sclerosis. The mesangial matrix 
proliferated in all glomeruli, and the mesangial 
cells partly proliferated. The glomerular basement 
membrane showed thickening in all glomeruli, and 
half of them showed a double contour that circum-
scribed fibrin such as an eosinophilic substance 
(figure 1A,B). TMA caused these changes. No 
spike formation was detected. Four glomeruli were 
collapsed with epithelial cell hyperplasia which 
looks like a crescent lesion (figure 2A,B). These 
changes were similar to collapsing glomeruli with a 
‘pseudocrescent’,4 which suggested podocytopathy. 
Immunofluorescence studies indicated positive 
staining of the glomerular capillaries and mesan-
gium for C3, C4 and C1q. A part of the mesangium 
was also positive for IgG, IgM and IgA. Electron 
microscopy revealed endothelial cell hyperplasia 
and non- specific dense substances around the 
mesangium. Some of the foot processes vanished, 
but no podocytes were detached. Tubular atrophy 
and interstitial fibrosis were observed in approxi-
mately half of the total area.

DIFFERENTIAL DIAGNOSIS
We considered the effect of bevacizumab, which is 
an anti- VEGF- A drug. In this case, several injections 
of bevacizumab already caused proteinuria. Bevaci-
zumab may have damaged endothelial cells in the 
glomeruli. However, it was clear that ramucirumab 
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was a key drug because renal failure and pitting oedema had not 
been shown before its administration.

It is known that bevacizumab mainly causes TMA.5 His 
pathology showed not only TMA but also glomerular collapse 
with a crescent- like lesion. This also suggested that the renal 
dysfunction could not be explained only by bevacizumab.

TREATMENT
We discontinued ramucirumab and continued an angiotensin II 
receptor blocker to reduce proteinuria. We did not use immune 
therapies such as corticosteroids.

OUTCOME AND FOLLOW-UP
After discontinuation of ramucirumab, the serum Cr gradually 
decreased to 1.79 mg/dL, and proteinuria also decreased to 
3.21 g/gCr 3 months later (figure 3). Proteinuria decreased to 
1.21 g/gCr about 7 months later.

DISCUSSION
Many anticancer drugs have been developed to inhibit VEGF 
signalling because it plays a vital role in controlling neovascular 
processes in neoplasms.2 In the kidney, podocytes and endothe-
lial cells are significant sources of VEGF. It acts in autocrine and 
paracrine fashions and contributes to maintaining homeostasis.6 

The VEGF receptor family, which is a tyrosine kinase receptor, 
consists of three subtypes: VEGFR-1, VEGFR-2 and VEGFR-3. 
Among them, VEGFR-2 is predominantly expressed in podo-
cytes, mesangium, endothelial cells and tubular capillaries.5 6 
Ramucirumab is a VEGFR-2 binding monoclonal antibody that 
has been widely used for gastric, lung and colorectal cancer as 
a second- line therapy.1 A previous study showed adverse renal 
effects of ramucirumab involving hypertension (21%) and 
proteinuria (9%).7 Although other VEGF inhibitory drugs, such 
as the anti- VEGF monoclonal body (bevacizumab), tyrosine 
kinase inhibitors (sunitinib, axitinib, sorafenib and cediranib) and 
VEGF- Trap (aflibercept) have been known to cause nephrotic- 
range proteinuria and renal dysfunction, ramucirumab has been 
reported in only one case report8 and one single- centre case 
report.3

Anti- VEGF/VEGFR therapy reportedly accounts for two 
primary forms of renal pathological changes: minimal change 
disease (MCD) or focal segmental glomerulosclerosis (FSGS), 
which suggests podocytopathy, and TMA, which suggests 
endothelial cell injury.5 There is a different tendency for TMA 
or MCD/FSGS to occur depending on the type of anti- VEGF/
VEGFR drug. For example, it is well known that VEGFR is 
abundant in endothelial cells and inhibition of VEGFR–VEGF 
crosstalk by anti- VEGF drugs, such as bevacizumab cause 
TMA.5 On the other hand, VEGFR tyrosine kinase inhibitors 
(RTKI) cause MCD/FSGS more often than TMA. Previous 
studies suggested that RTKI inhibits NF-κB activity, leading 
to c- mip overexpression, and induces MCD or FSGS.5 In 
two previous studies on ramucirumab- induced nephropathy, 
three cases of renal pathology were reported3 8 and all of them 
were reported as TMA. The development of renal impairment 

Table 1 Blood and Urinary tests are shown

Patient values Reference range Interpretation

Blood test

  White cell count 3.6109/L 3.5109–9.1109/L Normal

  Haemoglobin 115 g/L 113–152 g/L Normal

  Platelet count 90×109/L 130×109–369×109/L Normal

  C reactive protein 0.1 mg/dL 0–0.3 mg/dL Normal

  Albumin 3.2 g/dL 4–5 g/dL Decreased

  Total protein 5.6 g/dL 6.7–8.3 g/dL Decreased

  Blood urea nitrogen 32.4 mg/dL 6–20 mg/dL Normal

  Creatinine 1.2 mg/dL 0.47–0.79 mg/dL Elevated

  LDL cholesterol 126 mg/dL 70–139 mg/dL Normal

Urinary test

  Urinary red blood cell 5–9/HPF <1/HPF Elevated

  Urinary protein 12.1 g/gCr <0.15 g/gCr Elevated

  Bence Jones protein − − Normal

  Urinary β2- 
microglobulin

6777 µg/L 0–259 µg/L Elevated

  Selectivity index 0.39 <0.2 (high selectivity) Elevated

HPF, high power field; LDL, low- density lipoproteins.

Figure 1 The glomerular basement membrane showed thickening in 
all glomeruli, and half of them showed a double contour with fibrinous 
exudates. (A): H&E stain, (B): Periodic acid- methenamine silver stain).

Figure 2 Glomeruli with epithelial cell hyperplasia, which looks 
like a ‘crescent’, show capillary wall collapse. (A, B: Periodic acid- 
methenamine silver stain).

Figure 3 There was an improvement with the discontinuation of the 
medication, but some renal impairment remained.
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characterised the three previous cases after switching from 
bevacizumab to ramucirumab, as in this case. It is possible 
that TMA could be caused or exacerbated due to endothe-
lial damage caused by ramucirumab because it is known that 
the interaction of VEGF with VEGFR-2 is necessary to main-
tain endothelial cells.9 Since double contours of the glomer-
ular basement membrane were chronic lesions of TMA10 
and bevacizumab was administered before ramucirumab, 
the effect of bevacizumab on TMA could not be ignored. 
Compared with previous reports, we think this case is char-
acterised by collapsing glomeruli with epithelial cell hyper-
plasia. A previous report showed that collapsing glomeruli 
with ‘pseudocrescents’ are caused by podocyte damage.4 The 
clinical course of marked nephrotic- range proteinuria is also 
consistent with podocytopathy rather than TMA. A previous 
study showed that VEGFR-2 is also expressed in podocytes in 
vivo and that VEGF and VEGFR-2, through autocrine actions, 
regulate podocyte survival.11 Bertuccio et al12 demonstrated a 
direct interaction between VEGFR-2 and nephrin in vitro and 
proposed VEGF signalling via the VEGFR-2–nephrin complex 
has an essential role in podocyte foot process effacement.

Moreover, ramucirumab inhibits the start of VEGFR-2 signal-
ling, which is the target of RTKI,7 so ramucirumab would 
cause podocytopathy in the same way as RTKI. These findings 
suggest that VEGFR-2 plays an important role in podocytes. 
As mentioned above, renal injury occurred in the three previ-
ously reported cases as well as in this case after switching from 
bevacizumab therapy and this suggests the synergistic effect of 
ramucirumab and bevacizumab. Müller- Deile et al6 showed 
that VEGF- A and VEGF- C both interact with VEGFR-2 and 
play important roles in podocyte survival. They showed that 
when VEGF- A is inhibited by bevacizumab, VEGF- C plays an 
important role in suppressing podocyte apoptosis. Another 
study showed that when bevacizumab inhibits VEGF- A, VEGF- C 
maintains VEGFR-2 activation in glioblastomas.13 In our case, 
ramucirumab was considered to have inhibited the interaction 
between VEGFR-2 and VEGF- C, and this may have resulted in 
a synergistic effect. The pathology of this case suggests that the 
presence of chronic TMA caused by bevacizumab may have been 
combined with podocyte damage from ramucirumab, leading to 
severe damage to the kidney. This case suggests that VEGFR-2 

plays an essential role in the maintenance of podocytes as well 
as endothelial cells.

We report a rare case of ramucirumab- induced severe protein-
uria and renal dysfunction with just one dose. The pathology 
showed not only TMA lesions but also collapsing glomeruli with 
crescent- like lesions due to epithelial cell hyperplasia caused by 
podocyte injury. Given that ramucirumab can cause podocy-
topathy, which is uncommon in bevacizumab, the change from 
bevacizumab to ramucirumab should be made carefully. When 
ramucirumab is used, proteinuria and renal function should be 
strictly monitored. We also found that proteinuria and serum 
Cr levels decreased without corticosteroids after ramucirumab 
treatment was discontinued. Once ramucirumab causes renal 
involvement, ramucirumab should be discontinued for some 
time.
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Learning points

 ► Compared with other antivascular endothelial growth factor 
(anti- VEGF) drugs, the pathology of ramucirumab- induced 
renal failure is still unknown. Only a few reports suggest 
ramucirumab can present thrombotic microangiopathy, but 
we found that ramucirumab can also injure podocytes.

 ► Although rare, ramucirumab can cause severe proteinuria and 
renal dysfunction with just one dose. When used, we must 
follow- up carefully.

 ► If ramucirumab is a possible causative agent, it should be 
discontinued. As with other VEGF inhibitors, proteinuria and 
renal impairment may improve with discontinuation.

 ► Ramucirumab and bevacizumab may have synergistic side 
effects. Care must be taken when switching between both 
drugs.
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