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Case Report

Drug-Induced Fanconi Syndrome in a Patient with Breast
Cancer: A Case Report
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ABSTRACT: Fanconi syndrome (FS) is a rare disease characterized by a dysfunction of the proximal renal tubules. Drug-induced FS may be neglected or misdiagnosed, and most reported cases have occurred
due to alkylating agents and platinum compounds. We encountered drug-induced FS in a patient with
breast cancer using zoledronate. A 58-year-old woman underwent mastectomy for breast cancer at age 54.
Two years later, bone metastases were detected and treated using a combination therapy of anastrozole and
zoledronate. After 17 months, everolimus, exemestane, and zoledronate were prescribed. Then, she experienced hypocalcemia and proximal renal tubular dysfunction. FS induced by zoledronate was diagnosed, and
zoledronate was immediately discontinued. This resulted in immediate and sustained improvement in renal
function. In the past, three cases of zoledronate-induced FS were reported. All patients were prescribed
zoledronate in combination with molecularly targeted drugs. Close monitoring of proximal tubular function
is recommended for such patients.
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Background

cisplatin, ifosfamide, tenofovir, sodium valproate, and aminoglycoside.１）

Fanconi syndrome (FS) is a rare disorder characterized

Zoledronate is a nitrogen-containing bisphosphonate

by inadequate reabsorption in the proximal tubules (PTs)

with potent inhibitory effects on bone resorption in pa-

of the kidney due to various causes, including hereditary

tients with bone metastases from solid tumors. It is ex-

conditions such as cystinosis, mitochondrial cytopathy, ty-

creted by the kidneys; thus, its dose should be monitored

rosinemia, fructose intolerance, galactosemia, Wilsonʼs dis-

carefully in patients with renal dysfunction. Nephrotoxic-

ease, Dentʼs disease, Lowe syndrome, and several thera-

ity induced by zoledronate has been reported and consid-

peutic drugs. The most frequently implicated drugs are

ered to be mainly due to tubular necrosis. Cases of
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Fig. 1 Treatment course for breast cancer
FEC: fluorouracil, epirubicin and cyclophosphamide (5- fluorouracil at 500 mg/m2, epirubicin at 100 mg/m2, and
cyclophosphamide at 500 mg/m2 on day 1, repeated every 21 days)

zoledronate-induced FS are rare. To the best of our knowl-

cles of 5-fluorouracil, epirubicin, and cyclophosphamide (at

edge, only three reports have identified zoledronate-

500, 100, and 500 mg/m2, respectively, on day 1, repeated

２―４）

induced FS in Japan.

Further, there were a few reports

in a foreign country.
We encountered a case of drug-induced FS in a patient
to whom zoledronate had been prescribed for bone metastases due to breast cancer.

every 21 days) as adjuvant chemotherapy.
After these therapies, letrozole was prescribed to the
patient as an adjuvant hormone therapy. Letrozole is classified as an aromatase inhibitor (AI).
Two years later, multiple bone metastases (in the tho-

This case report was approved by the ethics committee

racic vertebra, rib, and ilium) were identified. The patient

of Toho University Omori Medical Center, with number

received intravenous zoledronate at a dose of 4 mg infused

26-256.

over 15 min administered every 4 weeks, and anastrozole

Case Presentation

(which is classified as an AI) was prescribed. Two months
later, slight renal dysfunction was detected; thus, the zole-

The patient was a 58-year-old woman who had under-

dronate dose was reduced to 3.5 mg. No clear deterioration

gone left total mastectomy for breast cancer when she

of renal function was seen after this dose reduction. The

was 54 years old. No family history of neurological disease

patientʼs treatment course for breast cancer is shown in

or renal disorder was evident, and the patient had no

Fig. 1.

medication allergies. The pathological diagnosis was T2N0

Seventeen months after the first recurrence, progres-

M0 stage II, according to the International Union Against

sion of bone metastases was identified, and everolimus, ex-

Cancer 7th TNM classification for breast cancer. Her hor-

emestane (which is an AI), and zoledronate were pre-

mone receptor status was positive for both estrogen and

scribed. Two weeks after starting these therapies, gluco-

progesterone receptors and negative for human epidermal

suria was clearly identified, although the patient had no

growth factor receptor 2 protein. This case was classified

medical history of diabetes. A few days later, she pre-

as Luminal A. Postoperatively, the patient received 4 cy-

sented to our outpatient clinic complaining of appetite loss,
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Table 1

WBC
Hb
Ht
Plt
PT
PT-INR
APTT
Na
K
Cl
Ca
IP
CRP
AST
ALT
LDH
ALP
TP

3.2×103
10.6
28.80
173×103
10.5
0.9
27.0
139
2.7
109
8.3
0.7
0.7
40
20
416
231
6.9

Laboratory Examination and Urinary analysis

Blood examination
Alb
3.1 g/dL
T-bil
0.7 mg/dL
BUN
6 mg/dL
Cr
1.36 mg/dL
UA
0.8 mg/dL
eGFR
31.9 mL/min/1.73 m2
sec
Glucose
120 mg/dL
mM
HbA1c (NGSP)
5.60 %
mM
Blood gas analysis (room air)
mM
pH
7.376
mg/dL
pCO2
30 mmHg
mg/dL
pO2
79.0 mmHg
mg/dL
HCO3−
17.2 mmol/L
U/L
BE
−6.6 mmol/L
U/L
Anion Gap
8 mmol/L
U/L
U/L
g/dl

/μL
g/dL
%
/L
sec

Urinalysis
pH
7.0
protein
2＋
glucose
3＋
blood
2＋
Na
92
K
18.3
Cl
85
Cr
66
albumin
87.3
CCR
31
β2MG
91805
FEK
18.10
TmP/GFR
0.79

mM
mM
mM
mM
μg/mL
mL/min
μg/L
%
mg/dL

HbA1c was estimated as the National Glycohemoglobin Standardization Program (NGSP) equivalent value,
which was calculated as HbAc (NGSP) (%)＝HbA1c (Japan Diabetes Society) (%)＋0.4%.
β2MB: β2-microglobulin; FEK: fractional excretion of K; TmP/GFR: tubular maximal transport of phosphatase
reabsorption to the glomerular filtration rate transport.

severe fatigue, and severe hypokalemia (plasma potas-

was 120 mg/dL (normal range, 73-109 mg/dL) and hemo-

sium: 2.7 mEq/L). On admission, the patientʼs height was

globin A1c was within the normal range. The cause of the

2

145 cm; body weight, 36.5 kg; body mass index, 17.2 kg/m ;

glucosuria was thus considered to be renal diabetes.

blood pressure, 118/87 mmHg; heart rate, 98 beats/min

A normal anion gap, metabolic acidosis, hypokalemia,

and regular; body temperature, 36.7℃; and peripheral oxy-

hypophosphatemia, and glucosuria indicated proximal re-

gen saturation, 98%.

nal tubular acidosis, which is characteristic of FS.

Laboratory data (Table 1) showed renal dysfunction, as

In this case, FS was most probably drug-induced, be-

evidenced by a creatinine clearance rate of 31 mL/min;

cause of its adult onset and lack of other coexisting dis-

blood urea nitrogen, 6 mg/dL; serum creatinine, 1.36 mg/

eases.

dL; and estimated glomerular filtration rate, 31.9 mL/min/
2

After reaching this diagnosis, zoledronate, everolimus,

1.73 m . Blood electrolytes showed hypokalemia, hypocal-

and exemestane were immediately discontinued. The pa-

cemia, hypophosphatemia, and hypouricemia. Arterial

tient was aggressively rehydrated with intravenous fluids.

blood gas analysis showed metabolic acidosis. The bicar-

She required fluid replacement with 40 mEq potassium

bonate concentration was decreased to 17.2 mmol/L, but

chloride for the first 5 days intravenously, and with 24

respiratory compensation normalized the pH. The anion

mEq potassium chloride orally for the subsequent 7 days.

gap and gastrointestinal functions were normal, indicating

Phosphorus was replaced in the same way. The treatment

that the cause of the metabolic acidosis was renal tubular

course of the patient is shown in Fig. 2.

acidosis. The ratio of tubular maximum reabsorption of

Four weeks after starting treatment, the serum phos-

phosphate to glomerular filtration rate was 0.79 mg/dL.

phorus level had normalized, and urine analysis revealed a

Based on these findings, hypokalemia with renal tubular

pH of 6.0, with mild proteinuria and glucosuria. The trend

acidosis was considered as the diagnosis. A urinary exami-

of the laboratory data is shown in Table 2.

nation showed urinary phosphorus, glucosuria, albuminuria, β2-microglobinuria, and generalized aminoaciduria.
Despite the glucosuria, the patientʼs fasting blood glucose

Discussion
FS is a disease characterized by the dysfunction of renal
Toho Journal of Medicine・December 2018
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Fig. 2

Trend of Laboratory data and Treatment Course of Fanconi Syndrome

Table 2

Trend of laboratory data of the patient
Base line ＊

Day
Serum

Urinalysis

（43）１４９

K (mM)
IP (mg/dl)
Ca (mg/dl)
eGFR
protein
glucose
β2MG

3.7
3.7
9.3
59.9
(−)
(−)
N/A

On hospital admission

After
discharge

1

3

7

28

2.3
0.7
8.5
27.1
2＋
3＋
N/A

2.7
0.7
8.3
31.9
2＋
3＋
91805

3.8
2.7
9.3
38.1
N/A
N/A
N/A

4.1
3.0
9.8
39.1
＋
(±)
10956

＊:

baseline is the date before everolimus was administered.
N/A: not applicable; β2MB: β2-microglobulin.

Table 3

Risk factors for drug-induced renal FS

Drug dose and duration of therapy
Pre-existing renal impairment
Reduced renal mass (e.g., previous nephrectomy)
Older age or very young
Drug interactions
Low body weight
Volume depletion (e.g., diarrhoer and vomitting)
Underlying pharmaco-genetic factors

ters.１，６）In this case, exemestane was excluded as a possible
causative drug, because other AIs (letrozole and anastrozole) had already been prescribed without the onset of renal dysfunction. No reports have described everolimusinduced

FS,

whereas

three

reports

have

noted

zoledronate-induced FS. In this case, zoledronate was the
most probable causative drug, but we could not exclude
the possibility of everolimus-induced FS. We therefore discontinued both drugs immediately.
Balak et al. reported drug-induced FS associated with

PTs resulting from various pathogenic events. This condi-

fumaric acid ester treatment for psoriasis. The most com-

tion was first reported by Lignac in 1924 and further de-

monly reported presenting symptoms for FS in this article

fined by Fanconi in 1936 in children presenting with rick-

were generalized weakness (27%), myalgia (27%), and ar-

５）

ets, growth retardation, and glucosuria.

Several drugs can induce secondary FS, such as tenofovir, ifosfamide, aminoglycoside, and fumaric acid esVol. 4 No. 4

thralgia (27%).６）However, these symptoms are neither particularly frequent nor specific to FS.
Other complications of FS include fatigue and muscle
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Table 4

age
sex
primary disease
reason for zoledronate prescribed

Case reports of FS induced by zoledronate

Torimoto et al3)

Yoshinami et al2)

Okagawa et al4)

this case

54y
female
breast cancer
bone metastases

61y
female
breast cancer
malignancy
associated
hypercalcemia
liver
Trasuzumub
＋Paclitaxel
4 mg
over 15 min
weekly
32 mg/8weeks

sixties
female
colon cancer
bone metastases

58y
female
breast cancer
bone metastases

bone
mFOLFOX
＋Bevacizumub
4 mg
over 15 min
monthly
68 mg/17monthes

bone
Everolimus
＋Anastrozole
4 → 3.5 mg
over 15 min
monthly
60.5 mg/17monthes

area of metastases
combination therapy

bone, liver
Trasuzumub

administration dose
time
interval
total amount

4 mg
N/A
monthly
48 mg/12monthes

N/A: not applicable.

soreness, difficulty in walking, and spontaneous fracture.

be considered.１） However, Okagawa et al. reported that af-

As a result, doctors may tend to neglect the detection and

ter the diagnosis of zoledronate-induced FS, denosumab

diagnosis of drug-induced FS and many cases may be mis-

was administered to treat bone metastases, without caus-

diagnosed. In particular, diagnosis is difficult for patients

ing any decline in renal function.４）

with metastatic bone tumors due to other malignant dis-

Table 4 shows reports of zoledronate-induced FS. Oka-

eases, such as breast and colorectal cancers, because bone

gawa et al. reported no direct link between administration

pain is already present.

dosage and FS development.４） Rosen et al. reported that

Laboratory tests typically show low serum levels of

the frequency of renal dysfunction depended on the dura-

phosphatase and uric acid, along with PT acidosis. The di-

tion of administration and dosage.１０） Therefore, the rela-

agnosis of FS was based on laboratory test results.

tionship between administration dosage and FS develop-

Is renal biopsy needed to diagnose FS? In this case, we

ment remains unclear. Herlitz et al. reported zoledronate-

did not perform renal biopsy, because Hall et al. reported

induced FS with concomitant trastuzumab use.７） In a pa-

no histological features specific to FS. However, the pres-

tient using a combination therapy of zoledronate and other

ence of dysmorphic and swollen mitochondria in PTs is a

drugs, clinical manifestations of tubular injury may not ap-

common finding on electron microscopy in drug-induced

pear in the long term.７） Therefore, they advocated exercis-

FS.７，８）

ing caution, especially with patients concomitantly receiv-

The risk factors for drug-induced renal FS are shown in
１，
８，
９）

Table 3.

ing molecularly targeted drugs.３）

In this case, loss in body weight and dehydra-

Conclusion

tion from appetite loss as a side effect of breast cancer
treatments, such as chemotherapy, led to the development

We have reported a case of FS induced by zoledronate

of FS. Patients with a malignant disease, older age, body

use. Zoledronate was prescribed to the patient to treat a

weight loss from appetite loss, diarrhea, and vomiting as

malignant disease and it warranted close monitoring of the

side effects from the treatment of malignant disease are at

PT function, at least at every administration, given her

an increased risk of FS. Thus, physicians need to be cau-

age and the concomitant use of molecularly targeted

tious with such patients.

drugs.

If a patient develops drug-induced FS while taking a
nephrotoxic drug, its administration should be suspended
immediately. However, if no alternative drugs are available, should treatment be abandoned?
Hall et al. suggested that discontinuation is not feasible.
For example, if no alternative drug is available and the

Conflicts of interest: None declared.
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