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Abstract We experienced a case that was considered as

gefitinib-associated membranous nephropathy (MGN) in

treatment for pulmonary adenocarcinoma. A female patient

aged 80 who had been treated for lung cancer was referred

and hospitalized at our hospital, because of nephrotic

syndrome. The patient had pulmonary adenocarcinoma

(cT4N2M1a) with positive for epidermal growth factor

receptor (EGFR) mutation. Gefitinib, EGFR tyrosine

kinase inhibitor, was initiated from 1 year and 2 months

ago. At that time, proteinuria was negative. The treatment

effect on lung cancer was so favorable that partial response

had been maintained. However, from 4 months ago, edema

of legs appeared, leading to become nephrotic syndrome.

Renal biopsy was performed, and secondary MGN was

diagnosed, because of deposition of peripheral IgG, mes-

angial IgA, and C3, as well as the deposition of peripheral

IgG4, IgG1, IgG2, and weak IgG3. We considered drug-

induced MGN and discontinued the administration of

gefitinib. Subsequently, the proteinuria tended to decrease

gradually and became negative 10 months later. However,

the lung cancer recurred 3 months after discontinuation of

gefitinib and another molecular target drug, erlotinib, was

administered. At present, 13 months after discontinuation

of gefitinib, absence of proteinuria is maintained. It has

been generally considered that secondary MGN can be

induced by both malignant tumor and their treatment. In

the present case, the clinical course and pathological

characteristics showed the secondary MGN that might be

associated with gefitinib during the treatment for pulmon-

ary adenocarcinoma. The present case, to our knowledge,

may be a first case of gefitinib-associated MGN.
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Introduction

Membranous nephropathy (MGN) is one of the most

common causes of nephrotic syndrome, and the percentage

of MGN is 44–68 % in nephrotic syndrome in adults. The

vast majority of cases of MN are idiopathic, with unknown

underlying cause, while the remaining are secondary to

known disease such as malignancy, autoimmune disease,

infectious disease or drug toxicity.

MGN complicated with solid cancer accounts for

5.8–10.9 % of patients with MN.

In the world, the frequency of cases complicated with

lung cancer is the highest, followed by cancers of digestive

system and renal cancer [1]. On the other hand, in Japan,

characteristically, the frequency of lung cancer cases has

been relatively less and the cancers of digestive system have

occurred more frequently. As for histologic types of lung

cancer, frequently reported types include squamous cell

carcinoma, small cell carcinoma, and adenocarcinoma [2].

Secondary MGN can also be induced by drugs, among

which representative drugs include antirheumatic drugs

such as gold drug, penicillamine and bucillamine, and non-

steroid anti-inflammatory drugs such as diclofenac and

antihypertensive drugs such as captopril. Besides those,

various drugs have been reported [3–5].
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We recently experienced a case of nephrotic syndrome

induced by MGN during treatment for lung adenocarci-

noma. Although the possibility of accidental complication

of idiopathic MGN with lung adenocarcinoma or secondary

MGN from lung cancer is not completely deniable, from

the clinical course and pathological characteristics, we

considered strongly the possibility of drug-induced MGN

by gefitinib.

Case report

A female patient aged 80 who was receiving treatment for

lung cancer was referred and hospitalized at our hospital

because of hyposarca and increased body weight. From

about 1 year and 9 months before hospitalization, cough

persisted at night. She consulted at other hospital and

underwent chest CT, which revealed a tumor of 5 cm at the

right upper lobe and multiple nodes in both the lung fields.

Thus, she was referred to our hospital, department of pul-

monary medicine and oncology. Based on scrutinized

examinations, lung cancer (adenocarcinoma) with clinical

stage cT4N2M1a was diagnosed. The patient was positive

for epidermal growth factor receptor (EGFR) mutation.

Thus, administration of a molecular targeting drug, gefiti-

nib 250 mg/day, was initiated 12 months before admission.

At that time, proteinuria was negative. As for treatment

effect, partial responses persisted and mild acne was

present after its administration. There was no other critical

harmful event. Because edema of legs appeared 4 months

before admission, urinalysis was conducted after a long

interval, which revealed proteinuria 3(?) and serum albu-

min level decreasing to 2.6 g/dL. Subsequently, in accor-

dance with increase in proteinuria, the edema became

worse and the body weight increased by 2 kg in 1 month.

Consequently, the patient was referred and hospitalized at

our department.

Table 1 shows findings from examinations at admission.

The results indicated the conditions of nephrotic syndrome

without urinary occult blood and normal renal function.

The selectivity index was 0.13. As for results of renal

biopsy, one glomerulus among a total of 40 was obsoles-

cence and remaining glomeruli showed diffuse and irreg-

ularly thickening capillary walls with small granular

deposits and spikes formation (Fig. 1). Mesangial prolif-

erative lesions were not conspicuous. Immunofluorescence

study showed the deposition of IgG and C3 on glomerular

capilalries (Fig. 2). The subclass of IgG revealed pre-

dominant deposition of IgG4 and IgG1, and weak deposi-

tion of IgG2, and weak and segmental IgG3 (Fig. 3). The

deposition of IgA and C3 was also found mainly in the

mesangial areas. The expression of phospholipase A2

Table 1 Laboratory data at admission

Peripheral blood Serological test

White blood cell count 8800/lL Immunoglobulin G 445 mg/dL

Red blood cell count 402 9 104/lL Immunoglobulin A 191 mg/dL

Hemoglobin 9.6 g/dL Immunoglobulin M 94 mg/dL

Hematocrit 32.2 % Complement activity [60 U/mL

Platelets 34.9 9 104/lL C3 complement 147 mg/dL

Blood chemistry C4 complement 44 mg/dL

Total protein 4.8 g/dL Antinuclear antibody \40

Albumin 1.8 g/dL Hepatitis B virus, surface antigen (-)

Aspartate aminotransferase 29 IU/L Hepatitis C virus antibody (-)

Alanine aminotransferase 18 IU/L Treponemal antibody test (-)

Lactate dehydrogenase 298 IU/L Sialylated carbohydrate antigen KL-6 492 U/mL

Total cholesterol 282 mg/dL Carcinoembryonic antigen 6.2 ng/mL

LDL-Cholesterol 124 mg/dL Urinalysis

Triglycerides 273 mg/dL Gravity 1.022

Uric acid 4.5 mg/dL pH 5.5

Urea nitrogen 24.0 mg/dL Protein 3?

Creatinine 0.54 mg/dL 6.2 g/day

Sodium 141 mEq/L Occult blood (±)

Potassium 4.0 mEq/L Glucose (-)

Chloride 107 mEq/L Ketone (-)

C-reactive protein 1.05 mg/dL
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Fig. 1 Light microscopy

findings. Renal biopsy samples

included 44 glomeruli and 1

glomerulus underwent

obsolescence. Remaining all

glomeruli showed diffuse but

irregular thickening glomerular

capillary walls (arrow in a). No
apparent mesangial

hypercellularity was noted in

glomeruli (HE stain, 9400). In

glomeruli, infiltrating cells in

capillary lumens were seen

(arrowhead in b) (PAM stain,

9600). High magnification of

glomeruli showed focal and

segmental formation of spike

(arrow in c) and stippling

(arrowhead in c) in glomerular

basement membrane (PAM

stain, 91,000). Focal and

segmental subepithelial side of

deposits was also noted on

glomerular capillary walls

(arrow in d) (Masson stain,

91,000)

Fig. 2 Immunofluorescence

findings. Immunofluorescence

study showed that the granular

deposition of IgG was noted as

segmental peripheral pattern.

The deposition of IgA was seen

as mesangial granular pattern.

The minimal deposition of IgM

was observed in glomeruli. In

addition, the granular deposition

of C3 was noted as mesangial

and segmental peripheral

pattern

Fig. 3 The findings of IgG subclass. Immunofluorescence study for IgG subclass showed that the deposition of IgG4[ IgG1 and IgG2 was

noted as segmental peripheral granular pattern. Minimal deposition of IgG3 was also seen as segmental peripheral granular pattern
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receptor (PLA2R), which is considered as the antigen of

primary MGN [6, 7], did not enhance in glomeruli,

although it was enhanced on glomerular capillaries in some

cases of primary MGN (data not shown). As electron

microscopic findings, granular electron dense deposit was

found irregularly at the subepithelial region on the glo-

merular basement membrane (GBM) (Fig. 4). Mesangial

electron dense deposits were noted with mild mesangial

hypercellular lesions. From those findings in renal biopsy,

MGN, stage I–II, and mesangial IgA deposits was

diagnosed.

Considering from clinicopathological findings, we pre-

sumed the possibility of gefitinib-induced MGN and thus

discontinued the administration of it. After discontinuation

of gefitinib, the proteinuria tended to gradually decrease

and disappeared 10 months later (Fig. 5). As for lung

cancer, chest CT revealed its multiple metastases 3 months

after discontinuation of gefitinib. Because increases in

blood Sialylated carbohydrate antigen KL-6 and carcino-

embryonic antigens (CEA) were also found, the adminis-

tration of erlotinib 50 mg/day, another EGFR inhibitor,

was started. By present, 13 months after discontinuation of

gefitinib and 10 months after erlotinib initiation, complete

remission of proteinuria continued, and the recurrence of

proteinuria is absent.

Discussion

MGN is a glomerular disease characterized by diffuse

thickening of glomerular capillary walls, which is induced

x5,000 x12,000 

X4,000 

A B C

FED

X10,000 X10,000 

x5,000 

Fig. 4 Electron microscopic findings. In glomeruli, irregular thick-

ening glomerular capillary walls was noted with expansion of

mesangial areas (a 94,000). High magnification of glomerular

capillary walls showed irregular size and irregular distribution of

subepithelial deposits (arrow in b) was seen with effacement of foot

processes of podocytes (b 910,000). In some glomerular capillary

walls, subepithelial deposits could not be detected (arrow in c),
suggesting the segmental membranous nephropathy (c 910,000).

Electron dense deposits were noted in mesangial areas (arrow in

d 912,000) with segmental mesangial proliferative lesions (arrow in

e 95,000). Endocapillary proliferative lesions (arrow in f) were also

noted with the infiltration of macrophages (f 95,000)
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Fig. 5 Clinical course. From 8 months after gefitinib administration,

proteinuria 3(?) occurred and continued during treatment with

gradually decrease of serum albumin (sAlb) levels. After discontin-

uation of gefitinib treatment, proteinuria was gradually decreased with

gradual recovering of sAlb levels. From 10 months after discontin-

uation of gefitinib treatment, proteinuria could not be detected. After

gefitinib administration, serum CEA levels quickly decreased, but it

increased again after discontinuation of treatment. Serum CEA levels

decreased again after erlotinib administration
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by deposition of subepithelial immune complex on GBM

and activation of complements. Recently, membranous

type of PLA2R has been identified as an endogenous

antigen existing in the glomerular epithelial cells and has

gained attention as an etiology of idiopathic MGN [8]. A

recent study demonstrates enhanced staining of PLA2R in

glomeruli in cases with idiopathic MGN compared with

negative staining in secondary MGN [9]. On the other

hand, secondary MGN accounts for about 10–20 % of

MGN, and causative antigens reported were drugs, tumor

associated antigens such as CEA and cytokeratin 19 frag-

ment, Hepatitis B virus, envelope antigen, and the other

antigens in autoimmune diseases [6, 7]. In the present case,

three possible causes of MGN were considered; coinci-

dence of idiopathic MGN, MGN associated with pulmon-

ary adenocarcinoma or gefitinib treatment.

Between idiopathic and secondary MGN, it is reported

that the subclass of IgG in subepithelial deposits differs in

immunofluorescence technique [10]. It is considered that

main subclass of IgG deposition in idiopathic MGN is

IgG4. By contrast, in secondary MGN, various subclass

pattern of IgG deposition have been reported [11]. There

have been also reports that IgG1 and IgG2 are stained

strongly in MGN induced by malignant tumor, and IgG3 is

positive in drug-induced MGN induced by bucillamine [12,

13]. Qu et al. [14] noted that IgG4 was not stained in seven

of eight cases of MGN complicated with malignant tumor

and IgG2 was stained moderately or higher in seven cases.

In the present case, the expression of PLA2R did not

enhance in glomeruli in immunohistochemistry for biopsy

sample, suggesting the secondary MGN. In addition, IgG4

and IgG1 deposited predominantly at the GBM, as similar

as idiopathic MGN. However, the deposition of IgG2 and

IgG3 was also present along GBM, although they were

weak and segmental, suggesting the secondary MGN. The

deposition of IgA on mesangial areas was also found. As

for IgA deposits in the present case, it could not be clarified

if its cause is a drug, is associated with mucosal immunity

of lung cancer, or complication of IgA nephropathy.

Although rare, both solid tumor such as renal cell cancer,

lung cancer, pancreas cancer, and hematological malig-

nancies such as Hodgkin’s and non-Hodgkin’s diseases,

could induce IgA nephropathy, termed paraneoplastic IgA

nephropathy [15, 16]. Interestingly, a case is recently

reported that IgA nephropathy occurs in gefitinib treatment

for lung cancer [17].

Overexpression of EGFR was found in many cases of

malignant tumor including non-small cell lung cancer and

its involvement in growth and maintaining of tumors has

been clarified. Moreover, as for tumors with expression or

overexpression of EGFR, it is reported that they have

higher metastasis and poorer prognosis than those without

its expression [18]. Gefitinib targets the EGFR tyrosine

kinase and inhibits signal transmission under it causing

growth of tumor cells. This drug is generally used for

surgery impossible malignant tumor with genetic mutation

of EGFR, or recurrent cases of non-small cell lung cancer.

As for side effects of gefitinib, eruption and acne occurred

with the highest frequency. The critical side effects were

acute lung impairment and interstitial pneumonia occurring

in 5.8 % in Japan. However, the reports of side effects of

gefitinib on the kidney have been very rare. Renal dys-

function was occurred in about 1 %. Other side effects

were post-renal acute renal failure due to urinary bleeding

or retroperitoneal fibrosis [19]. A case of acute renal failure

due to thrombotic thrombocytopenic purpura/hemolytic

uremic syndrome was also reported [20]. Reports on the

cases causing nephrotic syndrome have been so rare that

only a report on minimal change nephrotic syndrome has

been presented [21].

In the present study, secondary MGN might be associ-

ated with gefitinib for pulmonary adenocarcinoma. The

secondary MGN induced by lung adenocarcinoma could

not be completely ruled out, however, clinical course and

laboratory findings did not show any correlation between

nephrotic syndrome in MGN and course of lung carcinoma

and serum CEA levels. It has been known that MGN

induced by lung cancer was alleviated in accordance with

reductions in the tumor and tumor markers, and the con-

ditions got worse due to its recurrence. On the other hand,

in MGN induced by drug, the diagnosis is likely to be made

when nephrotic syndrome is alleviated by discontinuation

of drug or recurs after its re-administration.

In the present case, the serum CEA levels did not

correspond to the condition of nephrotic syndrome.

Although tumor markers do not always reflect the path-

ologic condition [22, 23], the relationship between course

of lung carcinoma and nephrotic syndrome in MGN was

not also observed. Furthermore, nephrotic syndrome

appeared 8 months after initiation of the administration of

gefitinib, and proteinuria disappeared 10 months after its

discontinuation, despite no special treatment for nephrotic

syndrome such as administration of steroids or immuno-

suppresants was conducted. There have been many reports

that MGN induced by the drugs, but not gefitinib, usually

occurs within a half to 1 year after the initiation of the

administration, and proteinuria disappears a half to 1 year

after its discontinuation [24]. From these findings, it is

unlikely that MGN in the present study could be associ-

ated with lung carcinoma, and we strongly considered that

MGN might be induced by gefitinib. The mechanism by

which gefitinib induced MGN is unclear. However, the

possible mechanisms whereby gefitinib may be associated

with MGN include: (a) The gefitinib can function as a

hapten attached to some native protein, eliciting an anti-

body response. (b) The gefitinib can have
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immunomodulatory effects through and may develop

autoimmune phenomena during prolonged use. Indeed,

gefitinib might induce nephrotic syndrome due to minimal

change nephrotic syndrome by an allergic or immune

reaction [21]. (c) The gefitinib can bind locally to the

increased phosphorylation of the EGFR on podocytes,

alter its structure and induce antibodies, and results in

subepithelial immune complexes leading to MGN. A

recent study has established the paradigm of autoantibody

action against a podocyte protein, such as PLA2R, in the

pathogenesis of MGN [8].

The recent progress of molecular biologic studies related

to cancers has been rapid, and the achievements have been

actively applied to the field of drug discovery. The several

drugs of molecular targeted therapy for the treatment of

advanced carcinoma may induce various renal complica-

tions, including proteinuria, hematuria, nephrotic syn-

drome, thrombotic microangiopathy, acute kidney injury,

IgA nephropathy, crescentic glomerulonephritis, and

interstitial nephritis [25].

In bevacizumab, a monoclonal antibody drug to vascular

endothelial growth factor (VEGF), (anti-VEGF agent)

proteinuria is complicated in 21–63 % cases after its

administration and the renal biopsies in most of the cases

show features of thrombotic microangiopathy [26]. As for

small-molecule chemicals, it has been reported that pro-

teinuria has been detected in 3–20 % of patients who

received the administration of multi-kinase inhibitors used

for advancing renal cell cancer [27].

In the present study, MGN might be induced by gefiti-

nib, but did not induced by erlotinib. Erlotinib is a small-

molecule chemical targeting EGFR having similar Qui-

nazoline skeleton to gefitinib. As for the frequency of

pulmonary impairment, time of the occurrence, and path-

ologic conditions, although both the drugs are considered

to be almost same, there has been a report that because

hepatic dysfunction occurred with gefitinib, the treatment

was changed to erlotinib, with which no problem occurred.

It is speculated that as the cause, there may be metabolic

differences between both the drugs [28]. From these find-

ings, it is considered the take change from gefitinib to other

drugs including erlotinib when abnormal conditions occur.

We report here, to our knowledge, the first case of MGN

induced by gefitinib for pulmonary adenocarcinoma.

Recently, it has been clarified that malignant tumors occur

due to accumulated genetic abnormalities, and develop-

ment of molecular targeted therapies for those abnormal

genes have progressed. EGFR tyrosine kinase inhibitor

such as gefitinib is considered to have rare renal impair-

ment. However, it was considered that whenever gefitinib

is administered, urinalysis should be conducted regularly,

and when abnormalities appear, change to other drugs

should be taken into consideration.
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