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Fanconi syndrome is a group of clinical 
manifestations including aminoaciduria, 
proteinuria, glycosuria, hypophosphatemia, 
and metabolic acidosis. It may occur after 

exposure to certain drugs. The most common 
causes are antiepileptic, antiviral, antibiotic, and 
antineoplastic drugs.1 The two most common causes in 
the antineoplastic regimen are cisplatin and ifosfamide. 
Ifosfamide, a derivative of cyclophosphamide, has 
been used to treat pediatric solid tumors.2 Its high 
efficacy in numerous studies has led to its long-term 
administration for pediatric malignancies, including 
Wilms tumor. Along with other treatment modalities, 
ifosfamide considerably improved the survival rate 
(90%) of Wilms tumor while only a few cases resulted 
in Fanconi syndrome.1,3,4 

Here we illustrate a case of presumed drug 
induced Fanconi syndrome in a Wilms tumor patient 
who previously achieved remission for 10 months.  
[Paediatr Indones. 2020;60:223-5; doi: http://dx.doi.
org/10.14238/pi60.4.2020.223-5 ].
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The Case 

A 3-year-old boy was admitted to the hospital due to 
sudden weakness in both legs from the prior day. He 
had difficulty walking and moving his body. There 
was no history of trauma, falls, familial disease, or 
diarrhea. He had completed the polio vaccination 
regimen. He had been diagnosed with Wilms tumor 
stage IV and underwent unilateral nephrectomy, 15 
cycles of chemotherapy (actinomycin, vincristine, and 
ifosfamide) over 50 weeks, and radiation, achieving 
complete remission for the previous 10 months. 

The patient was alert and conscious. Vitals signs 
were within normal limits. Physical examination was 
unremarkable. Neurological examination revealed 
a decrease in muscle strength of both legs (point 3 
of manual muscle testing). Sensory and autonomic 
function showed no abnormalities. Physiological 
reflexes were diminished and no pathological reflexes 
were observed in both legs. Complete blood count and 
biochemical parameters revealed anemia and severe 
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hypokalemia, with potassium level at 1.9 mEq/L. 
Glomerular filtration rate was otherwise normal. 
Blood gas analysis confirmed the presence of metabolic 
acidosis. Urinalysis was done to evaluate for a possible 
urinary cause of these abnormalities. Glucose and 
protein were detected in his urine. Given his history 
and work up, a diagnosis of ifosfamide-induced 
Fanconi syndrome was suspected. He underwent 
potassium and bicarbonate correction. The patient 
was closely monitored by assessing his laboratory 
abnormalities. After 3 days of treatment, his general 
condition improved. The motor function in both legs 
returned to normal and the patient was discharged. 

Discussion

One major concern for a survivor of Wilms tumor is 
nephrotoxicity. Nephrotoxicity manifests in several 
forms, from glomerular to tubular dysfunction or even 
acute renal failure.5 It can have a primary etiology or 
be due to drug-induced process. 

Renal tubular dysfunction is categorized into 
proximal and distal tubular dysfunction depending on 
the affected site. Proximal tubular dysfunction implies 
an impairment of fractional electrolyte excretions or 
reabsorption of substances such as amino acids, low 
molecular weight proteins (LMWPs), phosphate, 
bicarbonate, glucose, and urate. In contrast, distal 
tubular abnormalities are expected to impair the 
osmolality of the urine.6 

Proximal tubular toxicity, known as Fanconi 
syndrome is a generalized reabsorption defect 
resulting in clinical features such as aminoaciduria, 
low molecular weight proteinuria, normoglycemic 
glycosuria, metabolic acidosis, hypokalemia, organic 
aciduria, hypophosphatemia, hypouricemia, and 
polyuria.7 According to his urinalysis, blood work, and 
blood gas analysis results, our patient likely fulfilled 
the first five of the aforementioned conditions. In 
addition, glomerular damage in our patient was 
excluded as the glomerular filtration rate was within 
normal limits. Distal tubular dysfunction was not fully 
measured due to the lack of urine osmolality data.

Fanconi syndrome has a wide spectrum of 
clinical manifestations. The presentation can be 
growth failure, rickets, dehydration, or hypokalemia. 
The obvious symptom in our patient was severe 

hypokalemia. The low level of potassium may have 
been due to an increase in urinary potassium secretion, 
worsening with acidosis that contributes to an increase 
of filtered potassium load. Metabolic acidosis in the 
patient primarily reflects a defect in bicarbonate 
reabsorption in the proximal tubule.8 

The pathomechanism by which ifosfamide, in 
this case, may induce Fanconi syndrome remains un-
clear. Ifosfamide, one of the alkylating antineoplastic 
prodrugs, requires CYP3A5 and CYP2B6 located in 
the kidney and liver, respectively, to form acrolein, 
chloracetaldehyde (CAA), and isophosphoramide 
(active drug). The CAA, the metabolite of ifosfamide, 
is known to induce proximal tubular cell injury. An 
in vitro study showed that the accumulation of CAA 
reduces glutathione and ATP level through inhibition 
of Na/K/ATPase as well as V-ATPase.3 The ATP is 
essential for endocytosis and transport across the ba-
solateral membrane.9 A decrease in endocytosis and 
membrane transport automatically diminishes any re-
absorption. Another study found that ifosfamide itself 
readily binds to the organic cation transporter (OCT) 
receptor and leads to a higher intake of ifosfamide in 
the tubular epithelial cells.1,10 

Renal dysfunction in Wilms tumor patients 
may be associated with the previous treatment. Past 
studies revealed a tendency to acute renal failure in 
patients following nephrectomy. A study showed that 
uninephrectomised children with Wilms tumor have 
a higher risk of renal impairment.11 Nephrectomy 
was comparable to other nephrotoxic chemotherapy 
(cisplatin) in inducing renal damage in patients 
receiving ifosfamide.12 However, another study 
reported that patients treated with only unilateral 
radical nephrectomy were at low risk for long-term 
renal dysfunction.13 The filtration rate has been 
postulated to increase after a reduction of renal 
mass, leading to the high uptake of ifosfamide in the 
nephrons and tubules.4 This theory may explain the 
main role of the nephrotoxic regimen in diminishing 
renal function in our patient.

Our patient successfully achieved remission after 
unilateral nephrectomy combined with chemotherapy. 
However, durable remission suggests that ifosfamide 
therapy at fairly high doses (>50 g/m2) retained the 
potency to cause late complications.1 Therefore, 
identifying high-risk pediatric patients for acute kidney 
injury,14 e.g., those with younger age, concomitant use 
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of other nephrotoxic agents, or history of renal failure 
before starting the treatment, may be mandatory in 
the future.  In spite of the therapeutic effectiveness 
of ifosfamide, regular monitoring of complete renal 
function and electrolytes should be performed in 
conjunction with assessment of disease progression 
and further complications of Fanconi syndrome, e.g., 
rickets and osteomalacia.

Conflict of Interest

The authors declare no conflict of interest.

References 

1. 	 Buttemer S, Pai M, Lau KK. Ifosfamide-induced Fanconi 
syndrome. BMJ Case Rep. 2011. pii: bcr1020114950.  
DOI: 10.1136/bcr.10.2011.4950.

2. 	 Carli M, Passone E, Perilongo G, Bisogno G. Ifosfamide 
in pediatric solid tumors. Oncology. 2003;65:99-104.  
DOI: 10.1159/000073369.

3. 	 Lee LK, Chen PM, Tzeng CH, Liu JH, Yen CC. Ifosfamide-
Induced Fanconi’s Syndrome. J Cancer Res Pract. 2014;1:46-
9. 10.1016/S2311-3006(16)30023-4.

4. 	 Burk CD, Restaino I, Kaplan BS, Meadows AT. Ifosfamide-
induced renal tubular dysfunction and rickets in children 
with Wilms tumor. J Pediatr. 1990;117:331-5. DOI: 10.1016/
s0022-3476(05)80557-8.

5. 	 Ruggiero A, Ferrara P, Attinà G, Rizzo D, Riccardi R. Renal 
toxicity and chemotherapy in children with cancer. Br J Clin 
Pharmacol. 2017;83:2605-14. DOI: 10.1111/bcp.13388.

6. 	 Bailey S, Roberts A, Brock C, Price L, Craft AW, Kilkarni 

R, et al. Nephrotoxicity in survivors of Wilms’ tumours 
in the North of England. Br J Cancer. 2002;87:1092-8.  
DOI: 10.1038/sj.bjc.6600608.

7. 	 Hall AM, Bass P, Unwin RJ. Drug-induced renal fanconi 
syndrome. QJM. 2014;107:261-9. DOI: 10.1093/qjmed/
hct258.

8. 	 Fathallah-Shaykh S. Fanconi syndrome: background, 
pathophysiology, epidemiology [Internet]. Medscape. 2018 
[cited 2019 Jun 10]. p. 1. Available from: https://emedicine.
medscape.com/article/981774-overview. 

9. 	 Nissim I, Horyn O, Daikhin Y, Nissim I, Luhovyy B, 
Phillips PC, et al. Ifosfamide-induced nephrotoxicity: 
mechanism and prevention. Cancer Res. 2006;66:7824-31.  
DOI: 10.1158/0008-5472.CAN-06-1043.

10. 	 Perazella MA. Onco-nephrology: renal toxicities of 
chemotherapeutic agents. Clin J Am Soc Nephrol. 
2012;7:1713-21. DOI: 10.2215/CJN.02780312.

11. 	 Schell M, Cochat P, Hadj-Aïssa A, Bouffet E, Dubourg L, 
Brunat-Mentigny M. Renal function following unilateral 
nephrectomy for neuroblastoma and Wilms’ tumour. Pediatr 
Nephrol. 1995;9:579-82. DOI: 10.1007/bf00860940.

12. 	 Rossi R, Gödde A, Kleinebrand A, Riepenhausen M, Boos 
J, Ritter J, et al. Unilateral nephrectomy and cisplatin as risk 
factors of ifosfamide-induced nephrotoxicity: analysis of 
120 patients. J Clin Oncol. 1994;12:159-65. DOI: 10.1200/
JCO.1994.12.1.159.

13. 	 Interiano RB, Delos Santos N, Huang S, Srivastava DK, 
Robison LL, Hudson MM, et al. Renal function in survivors 
of non-syndromic Wilms tumor treated with unilateral radi-
cal nephrectomy. Cancer. 2015;121:2449-56. DOI: 10.1002/
cncr.29373.

14.	 Joyce EL, Kane-Gill SL, Fuhrman DY, Kellum JA. Drug-as-
sociated acute kidney injury: who's at risk?. Pediatr Nephrol. 
2017;32(1):59-69. DOI: 10.1007/s00467-016-3446-x.


