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Prevention of Chemotherapy-Induced Nephrotoxicity in Children with

Cancer

Abstract

Children with cancer treated with cytotoxic drugs are frequently at risk of developing renal
dysfunction. The cytotoxic drugs that are widely used for cancer treatment in children are
cisplatin (CPL), ifosfamide (IFO), carboplatin, and methotrexate (MTX). Mechanisms of anticancer
drug-induced renal disorders are different and include acute kidney injury (AKI), tubulointerstitial
disease, vascular damage, hemolytic uremic syndrome (HUS), and intrarenal obstruction. CPL
nephrotoxicity is dose-related and is often demonstrated with hypomagnesemia, hypokalemia, and
impaired renal function with rising serum creatinine and blood urea nitrogen levels. CPL, mitomycin
C, and gemcitabine treatment cause vascular injury and HUS. High-dose IFO, streptozocin,
and azacitidine cause renal tubular dysfunction manifested by Fanconi syndrome, rickets, and
osteomalacia. AKI is a common adverse effect of MTX, interferon-alpha, and nitrosourea compound
treatment. These strategies to reduce the cytotoxic drug-induced nephrotoxicity should include
adequate hydration, forced diuresis, and urinary alkalization. Amifostine, sodium thiosulfate, and
diethyldithiocarbamate provide protection against CPL-induced renal toxicity.

Keywords: Acute kidney injury, anti-cancer drugs, chemotherapy, children, glomerular filtration

rate, nephrotoxicity

Introduction

Renal injury may follow treatment with
anticancer drugs and lead to glomerular,
tubular dysfunctions, or any combination
of these.'?) Acute kidney injury (AKI),
tubulointerstitial disease, renal capillary
endothelial injury and renal electrolytes,
and acid-base disorders are the most
frequent adverse effects of chemotherapy in
children with cancer.

Mechanisms of anticancer drug-induced
renal disorders generally include a varying
degree of prerenal hypoperfusion, intrinsic
renal damage, renal tubular obstruction, and
damage to the microvascular structure of
the kidneys.[*¢!

Patients with malignancy often treated
with nephrotoxic antibiotics such as
aminoglycosides, vancomycin, and
amphotericin B for concurrent bacterial
and fungal infections. These patients may
also undergo radiation therapy and various
radiologic studies with iodine contrast
media, which can cause nephrotoxicity.[”-*!

Other risk
anticancer-induced

factors potentiating
nephrotoxicity — are
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extracellular volume depletion, preexisting
renal insufficiency, cardiovascular disease,
diabetes mellitus, and concomitant use of
nonsteroidal NSAIDs allopurinol or other
nephrotoxic medications.!%

Chemotherapy-induced nephrotoxicity is
a major cause of morbidity and mortality
among cancer patients.  Therefore,
assessing baseline renal function before
initiation of therapy and during therapy,
adjusting  drug  dosages, avoiding
nephrotoxic drug combinations, and
correcting the extracellular fluid volume

depletion is essential in the cancer
patients.['!]

This review highlights the potential
preventive strategies to reduce
nephrotoxicity induced by anticancer

treatment in children. For this review, we
searched current medical literature through
PubMed/MEDLINE, EMBASE, Scopus,
Cochrane Central Register of Controlled
Trials, and Google Scholar search
databases, and EBSCO for keywords such
as AKI, anticancer drugs, chemotherapy,
children, glomerular filtration rate (GFR),
and nephrotoxicity as published in English
over the last four decades.
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Methods

We aimed to provide an organized practical approach for
the pediatrician to preventing drug-related nephrotoxicity
in children and adolescents to address the following key
questions:

1. What is the prevalence of nephtotoxicity and its
associated comorbidities in children and adolescents?
2. How should chemotherapy- related nephrotoxicity in
children and adolescents be diagnosed, and what is the
optimal approach to preventing nephrotoxicity in Pediatric
patients? 3. What is the recommended workup for early
detection of kidney involvement in patients treated with
anticancer?

To address these key questions a systematic search and
review of literature was performed using MEDLINE,
EMBASE, and Chocrane of Database since 1984 and then
the search was extended as linked citations indicated. The
topics searched in included child, adolescent, intervention,
anti cancer drugs, adverse effects, and outcome.

Results

A total of 36 sclected original and review articles
which, met the inclusion criteria included in this review.
Chemotherapy-induced nephrotoxicity is a common finding
among children and adolescent patients treated for cancer. It
can be indicative of a significant renal disease. Evaluation of
anticancer nephrotoxicity should begin with a careful history
and thorough physical examination, urine microscopic
examination, measurement of estimated creatinine clearance,
and first morning urine for protein/ creatinine ratio. Based
on the physical findings and clinical judgment then further
appropriate laboratory tests and radiologic evaluation may
be indicated.Pediatric nephrologist referral is recommended
when renal dysfunction persists beyond 2-3 months after
completion of anticancer therapy.

Discussion
Assessment of glomerular filtration rate

GFR should be evaluated before and during the course
of anticancer drug therapy for the early detection of renal
toxicity. The renal clearance of inulin is the most reliable
method for determination of a true GFR, but its use
is limited because of expense, lack of availability, and
problems with collecting timed urine samples in infants
and small children. As a result, GFR estimation (eGFR)
from the renal clearance of creatinine has been widely used
in the pediatric population.

Creatinine-based eGFR without urine collection has been
used frequently in children.

There are several ways to assess the eGFR in children. One
of the easiest and more practical ones is Schwartz formula,
which uses the concept of height as a measure of muscle
mass divided by serum creatinine.['>!3]

2

Table 1: Maximum area under curve-based carboplatin

dosage
Target AUC Maximum carboplatin dose (mg)
6 900
5 750
4 600

AUC=Area under curve

eGFR (mL/min/1.73 m?) = (K) (height in cm)/
serum creatinine (mg/dL). The value of K is 0.35 for
low-birth-weight infants >1 year old, 0.45 for term infants
throughout the 1% year of life, 0.55 for children and
adolescent girls,!'* and 0.70 for adolescent boys.['*!¥

However, the use of Schwartz formula with nutritional
compromise as is common in children with cancer
undergoing radiation and chemotherapy may overestimate
the eGFR values with subsequent overdosing of nephrotoxic
medications.

Similarly, in patients with chronic kidney disease (CKD),
falsely elevated creatinine clearance can occur due to the
increase in tubular creatinine excretion.'%!”) Inhibition of
tubular creatinine excretion by cimetidine may provide the
accurate measurement of GFR in CKD patients.['*!")

The overestimation of GFR using creatinine-based equations
has resulted in higher than intended carboplatin doses with
a potential for increased renal toxicity. This concern for
patient’s safety led to the development of Calvert formula to
determine the optimal carboplatin dosages for cancer patients.
291 Calvert formula is used to cap the maximum carboplatin
dose based on the target area under the curve (AUC). It is
recommended that the maximum carboplatin dose should not
exceed the target AUC [Table 1].

Calvert formula

Total carboplatin dose (mg) = Target AUC (mg/mL/min) x
creatinine clearance (mL/min) + 25 [Table 1].

Whereas the Schwartz formula is the widely used equation
for the eGFR in children, the Modification of Diet in
Renal Disease and Cockroft-Gault equations are the most
popular GFR estimate for adults but are inaccurate for
patients <18 years old.?'**

The plasma disappearance of (51) Cr-EDTA and iohexol
are also used for GFR determinations; however, these
are not ideal for use in children, especially for repeated
studies.**! Recently, Schwartz and Associates developed
the several new equations to eGFR in children using
patient’s height, serum creatinine, cystatin C,*%*" and
blood urea nitrogen (BUN) of which the best equation with
the highest accuracy and correlation and the narrowest 95%
limits of agreement were as follows:

eGFR = 39.1 x (height [m?/SCr [mg/dL]] ®'¢ x (1.8/cysteine
C [mg/L]) *®* x (30/BUN [mg/dL])™® x [1.099 male]
x [height (m/1.4)]°188 18]
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Table 2: Nephrotoxicity associated with antineoplastic drugs

Prerenal Glomerular disease Tubulointerstitial Fanconi syndrome Glomerular Hemolytic uremic
azotemia disease dysfunction syndrome
Cyclosporine Carboplatin Carboplatin Azacitidine Actinomycin Cisplatin
Mitomycin C Cisplatin Cetuximab Ifosfamide D Cyclosporine
Tacrolimus Cyclosporine Cisplatin Streptozocin IL-2 Gemcitabine
Ifosfamide Indinavir (nitrosourea) hlltflblrfemn Mitomycin C
Interferon-alpha Ifosfamide a plah |
M
Methotrexate™ Methotrexate ¢ E alan
. . . Methot 1
Mitomycin C Panitumumab .e otrexate
Mitramycin Nitrosoureas
. Pentostatin
Nitrosourea

Semustine (nitrosourea)

Tacrolimus

*Magnesium wasting, hypokalemia, hypocalcemia. IL-2=Interleukin-2

These authors, from this equation, also described a
simple bedside equation of 0.413 x height (cm)/serum
creatinine (mg/dL), which provides a good approximation
of eGFR in children and adolescents with CKD based on
serum creatinine determinations.

Cisplatin (CPL) and ifosfamide (IFO) are the most widely
used nephrotoxic drugs in children with cancer. Renal
toxicity is less common with other cytotoxic drugs, such
as carboplatin, methotrexate (MTX), and nitrosourea
compounds [Table 2].

The treatment strategy to prevent drug-induced nephrotoxicity
should include the use of intravenous hydration, forced
diuresis, and elimination of known risk factors.

CPL can cause glomerular and tubular damage
resulting in decreased GFR. The CPL-nephrotoxicity
is known to be a risk factor and may also be a dose
related.®3%  Hypokalemia, hypomagnesemia, and
hypocalcaemia are the most common CPL-related
electrolyte disorders. Rising BUN and serum creatinine
levels followed by AKI are generally noted after a bolus
CPL administration >100 mg/m*day. Forced diuresis,
combing hydration with furosemide administration has
proved clinically beneficial to prevent kidney injury.B!
The carbonic anhydrase inhibitor acetazolamide has also
been considered useful for the prevention of contrast
nephropathy and CPL nephrotoxicity.?>**! Amifostine,
sodium  thiosulfate, and  diethyldithiocarbamate
also confer protection against CPL-induced renal
dysfunction.*¥

The combination of CPL and carboplatin are associated
with more renal toxicity than CPL and IFO alone or
combined.??3%

Life-threatening carboplatin associated nephrotoxicity may
occur from errors in calculating GFR. To avoid this, it is
recommended to dose carboplatin by modified Calvert
formula [Table 1].2”
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IFO can also cause glomerular and tubular toxicity.
Proximal tubular dysfunction is a prominent complication
of IFO therapy characterized by Fanconi syndrome and
hypophosphatemic rickets.?¥ IFO dose >100 g/m? age
younger than 5 years, and combination therapy with
CPL and carboplatin increase the risk of IFO-associated
nephrotoxicity.343

High-dose MTX can induce both glomerular and tubular
dysfunction leading to delayed elimination of the drug.B®
The precipitation of drug may occur in concentrated and
acid urine resulting in renal tubular obstruction and AKI.
Adequate hydration and urine alkalization are the most
important measures for the prevention of MTX-induced
nephrotoxicity.

Monitoring the serum MTX level is necessary to prevent
systemic toxicity including nephrotoxicity. Apart from
vigorous hydration and alkalization of urine, leucovorin
should be administered in high-dose MTX therapy not only
on the absolute drug serum level >1077 mol/L but also on
the kinetics of these levels.®
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