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Examination of Nephrotoxicity in Survivors of
Childhood Cancer and Comparison of Methods for
Estimating Glomerular Filtration Rate

Cocukluk Cagi Kanser Yasayanlarinda
Nefrotoksisitenin incelenmesi ve Glomeriiler
Filtrasyon Hizi Yontemlerinin Karsilastiriimasi
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ABSTRACT

Objective: Increased survival rates in childhood cancers have led the researchers to focus on long-term
side effects and possible risk factors for late nephrotoxicity related to the treatment regimens applied. Our
aim is to evaluate drug-induced nephrotoxicity in survivors of childhood cancer and to investigate the
compatibility of creatinine clearance with the estimated glomerular filtration rate.

Methods: The presence of glomerular and tubular dysfunction has been screened among 59 childhood
cancer survivors who had completed their treatment regimens with cisplatin, carboplatin, ifosfamide, and
/or high dose methotrexate.

Results: The mean age of patients was 10.7+5.5 years (2.5-23), and mean follow-up time was 2.6+2.1
years (0.5-8). Renal dysfunction was detected in 65% of the patients. The most prevalent manifestation of
renal dysfunction was decreased glomerular filtration rate (n:19, 32.2%), and increased urinary
B2-microglobulin excretion (n:12, 20.4%), followed by microalbuminuria (n:6, 10.1%). Survivors treated
with combined chemotherapy regimens (cisplatin, carboplatin, ifosfamide) had significantly lower tubular
reabsorption of phosphate than those treated with high dose of methotrexate. The glomerular filtration
rate analysis was performed using different methods, and a moderate correlation (r=0.563, p=0.00) was
found between estimated glomerular filtration rates calculated according to cystatin-C-based equations
and Schwartz formula.

Conclusion: Childhood cancer survivors demonstrated a high frequency of renal complications in the
current study. We have shown that the calculation of the estimated glomerular filtration rate using the
Schwartz formula or cystatin-C-based equations is compatible with the creatinine clearance in this specific
patient group. In survivors of childhood cancer who cannot perform 24-hour urine collection, determination
of estimated glomerular filtration rate is a more practical approach.
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Amag: Cocukluk ¢agi kanserlerinde artan sagkalim oranlari, uzun streli tedaviye bagli yan etkilere ve geg
nefrotoksisite igin olasi risk faktérlerine odaklanmaya yol agmisti. Amacimiz kanser tedavisi alip iyilesen
cocuklarda nefrotoksisiteyi belirlemek ve glomerdiil filtrasyon hizinin hesaplanmasinda tahmini glomeruler
filtrasyon hizi ile kreatinin klirensinin birbiri ile uyumunu arastirmaktir.

Yéntem: Sisplatin, karboplatin, ifosfamid ve/veya yiiksek doz metotreksat ile kanser tedavileri tamamlan-
mis 59 ¢ocugun glomertiler ve tiibiiler disfonksiyonlari degerlendirildi.

Bulgular: Ortalama tani yasi 10,7+5,5 yil (2,5-23), ortalama takip siiresi 2,6+2,1 yil (0,5-8) olan 59 hasta-
nin %65’inde bobrek fonksiyon bozuklugu tespit edildi. Bébrek fonksiyon bozuklugunun en yaygin bulgusu
azalmis glomeruler filtrasyon hizi (n:19, %32,2), artmis iriner 82-mikroglobulin atilimi (n:12, %20,4),
ardindan mikroalbuminuri (n:6, %10,1) idi. Kombine kemoterapi ile tedavi edilenlerde, yiiksek doz metot-
reksat ile tedavi edilenlere gére istatistiksel anlamli diisiik tubtiler fosfor reabsorbsiyonu saptandi. Serum
sistatin-C ve Schwarz formiilii ile hesaplanan tahmini glomeruler filtrasyon hizinin birbiri ile tutarli oldugu
(r=0,563, p=0,00) bulundu.

Sonug: Cocukluk ¢cadinda kanser tedavisi alip iyilesenlerde yiiksek oranda bébrek komplikasyonlarinin
gelistigi gosterilmistir. Cocukluk ¢adi kanser yasayanlarinda, Schwartz formiilii veya sistatin-C ile tahmini
glomertiler filtrasyon hizinin hesaplanmasinin kreatinin klirensiyle uyumlu oldugunu gésterdik. 24 saatlik
idrar toplayamayan ¢ocuklarda tahmini glomeruler filtrasyon hizi hesaplamasi pratik bir yaklasimdir.

Anahtar kelimeler: Cocukluk ¢agi kanser, glomeruler filtrasyon hizi, renal fonksiyon, nefrotoksisite
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INTRODUCTION

The five-year survival rates for childhood cancer
have approached to nearly 70-80% due to advances
in chemotherapy and supportive care *?. Increased
survival rates in childhood cancers have led
researchers to focus increasingly on long-term
treatment-related side effects. It has been shown
that long-term survivors of childhood cancer have a
higher risk of morbidity and one-third of the survivors
report serious or life-threatening complications 30
years after diagnosis of their primary cancer @4,
Intensive chemotherapy may affect endocrine,
cardiac, respiratory, nervous, and renal systems ©),
Therecentversion of Long-Term Follow-Up Guidelines
for Survivors of Childhood, Adolescent and Young
Adult Cancers recommends screening asymptomatic
survivors for the detection of therapy-related late
complications and earlier implementation of health-
preserving interventions ¢,

Since many chemotherapeutic and supportive
care drugs are cleared by the kidneys, kidneys are
particularly exposed to potential toxic injury.
Nephrotoxic drugs such as ifosfamide, methotrexate,
cisplatin, carboplatin and antibiotics, radiocontrast
agents, abdominal irradiation, nephrectomy, and
volume depletion may contribute to the development
of renal failure. Data on nephrotoxicity in childhood
cancer are rare and relatively small studies are
available, in part because of the difficulties in
obtaining reliable markers of glomerular and tubular
function 12,

Glomerular filtration rate has commonly been
calculated based on 24-hour creatinine clearance
(CICr) rates which also serve to monitor kidney
function. Using creatinine clearance rates to estimate
GFR has several limitations, especially in children
with chronic medical conditions who are at high risk
of kidney dysfunction. The clinical practice guidelines
recommend calculating estimated glomerular
filtration rate (eGFR) in children with the Schwarz
formula, which is based on serum creatinine (Cr)
concentration and the height of the child *39), For
GFR estimation, creatinine and cystatin-C (CysC)-
based equations have been also established 719,
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Low-molecular-weight proteins (LMWPs), such as
cystatinC, B2-microglobulin(B-2M)and microalbumin
(Malb) are new markers to monitor subclinical
kidney damage 9,

Our aim in this cross-sectional study was to
examine renal glomerular and tubular function in a
cohort of childhood cancer survivors (CCSs),
particularly with solid tumors and lymphomas who
had completed their chemotherapy regimens and to
determine the incidence and possible risk factors for
late-term nephrotoxicity. In addition, we compared
the usefulness of calculating estimated GFR (eGFR)
based on serum CysC (Cys-eGFR) concentrations,
and Schwartz (S-eGFR) formula relative to creatinin
clearance in pediatric cancer survivors.

MATERIAL and METHODS

This cross-sectional study has been performed
among CCSs who were in remission and had received
nephrotoxic chemotherapy for at least 6 months
prior to this chart review, between the years 2004,
and 2016. Patients who had received nephrotoxic
chemotherapies such as high dose (>1 g/m?/day)
methotrexate (HD-MTX) cisplatin (CIS), carboplatin
(CARBO), and/or ifosfamide (IFO), and those with
primary renal tumors were excluded from the study.
The ethics committee of the hospital approved the
study protocol.

The information about the gender, age, age at
diagnosis of the patients, cancer type and stage,
duration of disease, chronic renal diseases,
nephrotoxic chemotherapeutic agents used, febrile
neutropenia episodes, follow-up time, hypertension,
and abdominal radiotherapy was exctracted from
the medical files of the patients. Detailed information
about physical examination findings, weight, height,
pathological findings, and blood pressures was
recorded. Blood pressure measurements were
carried out for more than two times using
sphygmomanometers with appropriate cuff size after
the patient rested for 5 minutes. Patients were
considered hypertensive if the blood pressure
measurements were above the 95" percentile for
their sex, age and height according to “The Fourth
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report on the diagnosis, evaluation, and treatment
of high blood pressure in children and adolescents
()7

The presence of nephrotoxicity was determined
by evaluating serum creatinine concentrations, urine
dipstick test results, 24-hour urinary creatinine
clearance rates, tubular reabsorption of phosphate
(TRP), urinary excretion of low molecular weight
urinary proteins (B-2M and Malb), and presence of
hypertension.

Estimated GFR was calculated using the Schwartz
formula (S-eGFR), and CysC-based equation for
estimated glomerular filtration rate (C-eGFR). The
precision, and accuracy of the eGFR’s were compared
with creatinine clearance. Nephrotoxicity was
detected in the presence of any of the following
findings; hypertension, reduced GFR, and TRP,
elevated proteinuria, urinary excretion of B-2M and
Malb in the absence of other causes.

The Schwartz equation was used to estimate GFR
as follows: GFR= S-eGFR (mL/min/1.73 m?) =0.413 x
height (cm)/PCr (mg/dL) (15). Serum concentration
of CysC was measured, and eGFR was estimated
according to the Filler and Lepage formula as
follows:

Serum Cys-C: C-eGFR (mL/min/1.73 m?)=logGFR=
1.962+ [1.123log(1/CysC)] 7).

Creatinine clearance (CICr) was calculated using
the standard formula: CrCl = (UCr/PCr) x (U
Volume/1440) x (1.73/m?). (U Cr-urine creatinine, P
Cr-serum creatinine, UVolume-urine volume are
measured from 24-hour urine collection samples;
plasma and urine creatinine values are expressed in
mg/dL and body surface area in m2 The constants
1.73 and 1.440 indicate the standardized adult body
surface area and the number of minutes in a day,
respectively. GFR <90 ml/min per 1.73m? is
considered abnormal according to the Kidney
Disease Outcomes Quality Initiative guidelines 3,

Fractional tubular reabsorption of phosphate was
calculated using the formula: %TRP = 100 x (1-(UPOA4.
PCr)/(UCr.PPO4)) (UPO4-urine phosphate, and PPO4-
serum phosphate). Concentrations of serum and
urine parameters were measured on an automatic
analyzer (Modular PP) using manufacturer’s reagents

(Roche Diagnostics, GmbH, Mannheim, Germany).
Urine B-2M and Malb were analyzed by the
nephelometric method using a BN-ProSpec® device,
and serum cystatin (Cys-C) levels were measured by
the nephelometric method with SPA Plus analyzer.
The presence of proteinuria was defined as urinary
protein excretion higher than 4 mg/m? per hour. The
following cut-off values were adopted for

Cys-C (0.56-0.99 mg/L), and Malb-uria (20-200
mcg/min). Urinary B-2M was defined as “abnormal”
in case of an absolute loss of 20.20 mg/L or a relative
loss of 20.04 mg/mmol.creatinine.

Statistics

Statistical analyses were performed using IBM
SPSS Statistics V22.0. P value of £0.05 was considered
as statistically significant. Mean, standard deviation,
median, minimum, maximum value frequency, and
percentage were used for descriptive statistics.
Following verification of biochemical data by Shapiro-
Wilk test, Student’s t-test was used for normally, and
Mann Whitney U-test was used for abnormally
distributed data. Chi-Square test and Fisher’s exact
test were used for the comparison of qualitative
data. Comparison of different methods for estimating
GFR were determined by Spearman’s correlation
coefficient or linear regression analyses.

RESULTS

The study group comprised 59 childhood cancer
survivors including 40 male (68%) and 19 female
(32%) patients. The mean age of the patients was
10.73+5.51 years (range 2.5-23) and the mean follow-
up time after cessation of therapy was 2.67+2.19
years (range 0.5-8). Non-Hodgkin lymphomas and
brain tumors were the most prevalent group of
childhood cancers treated amongst the group.
Patient characteristics, and details of chemotherapy
are summarizedin Table 1. No patient had proteinuria
or decreased GFR before chemotherapy at the time
of diagnosis. Four patients had recovered from acute
kidney injury (AKI) with treatment. Two cases had
tumor lysis syndrome at diagnosis, and received
dialysis therapy. The other two patients had cisplatin
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related AKI, and was treated with prompt hydration
and supportive care. The final GFR values of these
four patients were 113, 70, 73, and 60 ml/min 1,73
mZ2. None had hypertension at follow-up.

Table 1. Demographic and treatment characteristics of childho-
od cancer survivors.

Demographic and Clinical
Characteristics

MeanzSD (range)

Gender 40M/19F

Age (years) 10.7345.51 (2.5-23)
Age at diagnosis (years) 7.09+4.81 (0.25-16)
Follow-up time (years) 2.67+2.19 (0.5-8)

Weight (kg) 35.6+17.4 (13.0-91.2)
Height (cm) 135.34£25.1 (90.5-183.0)
Diagnosis (n=59)

NHL 15

Brain tumor 13

NBL 10

Germ cell tumor 8

RMS 4

Hodgkin 3

HBL 2

Others 2
Chemotherapy Cumulative mean (g/m?) (range)
HD-MTX (n=15) 15.48+7.54 (3.0-27.0)

Cisplatin (n=36)
Carboplatin (n=18)
Ifosfamid (n=20)

0.51+0.29 (0.1-1.64)
1.69+0.85 (0.45-2.97)
27.29+18.45 (0.25-54.0)

Clinical Characteristics (n)
AKI 4
HT 2
FN 28
Abd RT 8

NHL: non-Hodgkin Lymphoma, NBL: neuroblastoma, RMS: rhab-
domyosarcoma, HBL: hepatoblastoma, ATLS: acute tumor lysis
syndrome, AKI: acute kidney injury, HT: hypertension, FN: febrile
neutropenia, Abd RT: abdominal radiotherapy, HD-MTX: high
dose methotrexate.

Renal dysfunction was detected in 38 out of 59
survivors (64.4%). The most prevalent manifestation
of renal dysfunction was decreased GFR estimated
with Schwarz equation (n:19, 32.2%), followed by
increased urinary B2M excretion (n:12, 20.4%). The
other complications in decreasing order of frequency
were elevated urine Malb (n:6, 10.1%), decreased TRP
(n:5, 8.5%) and hypertension (n:2, 3.4%). None of the
survivors had end-stage renal disease (Table 2). Three
survivors had chronic kidney disease, including one
patient with eGFR of 38 ml/min per 1.73 m?, metabolic
acidosis, and hypophosphatemia, where the other
two survivors were asymptomatic. According to the
urine dipstick test, two patients had glucosuria.

142

izmir Dr. Behget Uz Cocuk Hast. Dergisi 2021;11(2):139-46

Table 2. Renal function parameters.

Renal Function Tests (n:59) Median (range)

eGFR-S (ml/min.1.73 m?)
30-59 (ml/min.1.73 m?) n:3
60-89 (ml/min.1.73 m?) n:16
>90 (ml/min.1.73 m?) n:40

103.7 (38.1-266.9)
54.9 (38.1-57.2)
84.2 (60.4-89.9)

107.2 (90.61-266.9)

S Cr (mg/dL) 0.55 (0.14-1.24)
TRP (%) 91.24 (42.77-98.98)
Proteinuria (mg/m?/h) 0.41 (0.14-3.2)
U B-2M (mg/L) 0.21 (0.08-5.47)

U microalbumin (mcg/min) 4.4 (0.72-117.6)

eGFR-S: estimated glomerular filtration rate according to
Schwartz formula, S Cr: serum creatinine, TRP: tubular reabsorp-
tion of phosphate, U 8-2M.: urinary beta-2 microglobulin.

The cases were evaluated in two groups as those
who received high dose MTX (3 g/m?) and combined
chemotherapy. The high dose MTX group was
composed of NHL survivors (15 patients), while the
combined chemotherapy group consisted of 44
patients with heterogeneous cancers. While various
renal complications were observed in 40% of MTX
users (n=6/15), this rate was 72.7% in the non-MTX
group (n=32/44) (p:0.05). Survivors treated with
combined chemotherapy had lower TRP and higher
proteinuria than those treated with HD-MTX.

Cancer survivors were also evaluated for
nephrological complications with respect to febrile
neutropenia (FN) (n:28, 47.5%) episodes and to
abdominal radiotherapy (n=8, 13.5%). Glomerular
filtration rate was significantly lower in survivors
who had episodes of FN during their treatment
(n=28, 47.5%) when compared to those who had not
(mean eGFR: 109.5439.3 ml/min per 1.73 m? and
155+84.2 ml/min per 1.73 m? respectively, p=0.01).
Sixteen out of 28 survivors with FN episodes had
used aminoglycosides as antibiotic treatment. All of
the survivors treated with local or whole abdominal
irradiation were in the group of combined
chemotherapy. Urinary Malb and B-2M excretion
rates were higher in patients that received abdominal
irradiation than those didn’t. (mean values for
urinary Malb: 35.1+32.6 mcg/min vs 6.1+5.8 mcg/
min, p=0.00: mean values for urinary -2M:1.11+1.04
mg/L vs 0.56+0.36 mg/L, p=0.02).

The median S-eGFR and C-eGFR values were
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Table 3. Demographic, treatment and laboratory characteristics of chemotherapy groups.

Age at Diagnosis HD-Methotrexate (n:15) Combined Chemotherapy (n:44) p
Meantsd Meantsd

Age (years) 10.67+4.70 10.75+5.80 0.86
Chemotherapy (mg/m?) Meantsd Meantsd

HD-MTX 15.483+7.540 -

Cisplatin - 521.94+292.92

Carboplatin - 1.770+818

Ifosfamide 7.500+1.322 30.785+1.782 0.00

Patients (n) Patients (n)

FN 10 18 0.08
AbdRT - 8 0.02
HT - 2
Glucosuria - 2
Laboratory results Meantsd Meantsd
eGFR-S (mg/min1,73 m?) 117.2+22.4 104.9+40.1 0.15
S Cr (mg/dL) 0.50+0.15 0.6010.25 0.09
TRP (%) 92.75+2.85 88.32+9.14 0.01
Proteinuria (mg/m?2/h) 0.36+0.10 0.4610.41 0.28
U B-2M (mg/L) 0.21+0.01 0.24+0.13 0.56
U microalbumine (mcg/min) 4.54+2.7 4.35+2.95 0.64

AbdRT: abdominal radiotherapy, eGFR-S: estimated glomerular filtration rate according to Schwartz formula, FN: febrile neutropenia, S
Cr: serum creatinine, TRP: tubular reabsorption of phosphate, U 8-2M.: urinary beta-2 microglobulin.
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Figure 1. Comparison of creatinine clearance and estimated GFR’s revealed positive linear regression lines. A: Correlations between
GFR calculated by Cystatin C and estimated GFR with Schwarz formula (r=0.563, p=0.00) B: Correlations between creatinine clearance

and GFR calculated with Schwarz formula (r = +0.418, p = 0.02). C: Correlations between creatinine clearance and GFR calculated with
cystatin C (r=0.323, p=0.01).

107.20 mL/min/1.73 m?, and 86,02 mL/min/1.73 m?,
respectively. Median CrCl was 130,64 mL/min/1.73
m?2. When the analysis was made according to the
eGFR calculation method used, it was observed that
there were moderate correlations between C-eGFR

DISCUSSION

In this study, renal glomerular and tubular
function were investigated in a cohort of childhood
cancer survivors who had completed treatment with

vs S-eGFR (r=0.563, p=0.00); CrCl vs S-eGFR (r=0.418,
p=0.02), and CrCl vs C-eGFR (r=+0.323, p=0.01).
Comparisons between e GFR calculation methods
are shown in Figure 1.

nephrotoxic chemotherapy. Our results have shown
that 65% of CCSs had at least one marker of renal
dysfunction. In the literature, the prevalence of renal
complications ranges from 0% to 84% 'Y, These
varying results may be due to different types of
malignancies, treatments received, follow-up times,
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various surveillance tests offered, and definitions of
toxicity in studies performed.

In the current study, the most prevalent
manifestation of renal dysfunction was decreased
GFR, followed by increased B-2M excretion. In our
study, the survivors treated with platinum and
ifosfamide-based combined chemotherapy had
significantly lower TRP than survivors treated with
HD-MTX. It was observed that treatment protocols
used in hematologic malignancies had reduced
nephrotoxic potential and in these regimens lower
cumulative doses of nephrotoxic chemotherapies
had been used. In addition, our study showed that,
the GFR values in HD-MTX group were preserved,
which is compatible with many studies. It has been
reported that MTX may cause acute reversible
damage but it less frequently leads to renal
dysfunction in the long run ®2229 |t has been
reported that combined chemotherapy for ALL is not
associated with severe or long-term impairment of
renal function ©. In contrast, Gronross et al. @
showed that HD-MTX treatment significantly
decreases GFR and may cause albuminuria in
pediatric cancer patients several years after
treatment. Wiedeman et al. ?® reassessed the
current incidence of HD-MTX-induced renal
dysfunction in patients with osteosarcoma, a patient
population that is usually treated with HD-MTX, and
estimated an incidence rate of 1.8% for patients with
renal dysfunction following treatment with HD-MTX.
Stefanowicz et al. @9 reported that solid tumor
groups in CCSs had the lowest GFR and higher low-
molecular-weight protein excretion compared with
patients with leukemias and/or lymphomas.

We found lower GFRs in 32% of all survivors.
Reduced GFR was more prevalent in survivors who
had FN episodes during their treatment. Nephrotoxic
antibiotics, including aminoglycosides, vancomycin
or amphotericin given during FN episodes could lead
to nephrotoxicity. However, there was no significant
difference in the GFR results between patients
treated with potentially more nephrotoxic
chemotherapy drugs, such as cisplatin, ifosfamide,
and/or HD-MTX. There are studies demonstrating
that cisplatin, ifosfamide chemotherapy, and

144

izmir Dr. Behget Uz Cocuk Hast. Dergisi 2021;11(2):139-46

nephrotoxic antibiotics which were used during FN
episodes were associated with lower estimated GFR
(22,27-28).

All of the survivors treated with both abdominal
irradiation and combined chemotherapy had
significantly impaired renal function demonstrated
by elevated urinary Malb and B-2M excretion.
Combined chemotherapy and radiotherapy may
have contributed to overt renal toxicity. Dekkers et
al. ? reported in a large CCS series with median
follow-up time of 18 years that IFO was associated
with increased urinary B-2M excretion. Stefanowicz
et al. ? reported also higher low-molecular-weight
protein excretion in solid tumor survivors who were
treated with radiotherapy. Other studies have also
shown that children receiving higher doses of
radiation have a higher risk of renal insufficiency
(2229 |n addition, there is a meta-analysis reporting
an increased risk of nephrotoxicity after concomitant
treatment with aminoglycosides and vancomycin in
CCS receiving radiotherapy, but studies yielded
conflicting results ?7),

In our study, microalbuminuria was detected in
10.1% of the cases. Other studies have showed
similar results; Oberlin et al. % detected proteinuria
in 24-hour urine samples of 11.3 % of survivors.
Kninjenburg et al. ® reported the presence of
albuminuria in 14.5% of survivors treated with
chemotherapy. This complication has been reported
to be clinically important in this young population.
We found that hypertension was present in only
3.4% of CCSs, which is relatively low compared with
previously reported findings of 15% and 28% among
CCS 31, This discrepancy could be explained by the
fact that our survivors were younger children and
follow-up time was shorter in the current study.

In our clinical practice, the most frequently
available, and easily performed test of renal
glomerular function is the estimated GFR calculated
with Schwarz formula. Twenty-four-hour urine
collection is a challenging procedure in children,
therefore CrCl rest may not be reliable. Creatinine is
affected by glomerular filtration and by tubular
secretion, thus CrCl- based GFR can be overestimated
by 10-40% than inulin clearance 2%, In the present
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study, CrCl measurements were higher than S-eGFR,
and equations for eGFR demonstrated various
differences between S-eGFR and C-eGFR. Some
meta-analyses have reported that CysC is superior to
creatinine as a marker of renal function ¢43%, Cystatin
C is eliminated mainly by glomerular filtration,
correlates with GFR, and it is very sensitive even in
mildly impaired kidney function so some studies
have suggested it as an ideal GFR marker in pediatric
oncology 9. The validation of the Schwartz formula
and the calculations based on serum CysC was done
in several studies by comparing them to nuclear
scanning methods, which suggest that they are
closely correlated to GFR ©73), In our study, we
found the strongest correlation between the CysC
-GFR and the Schwartz- GFR calculations, and
comparison of CrCl and eGFRs revealed positive
linear regression lines, which may be used as
alternatives to creatinine-based estimations in CCS.

The major limitation of the study is the low
number of heterogeneous patient groups, and its
retrospective design. Therefore definitive conclusions
could not be drawn regarding the prevalence of
renal dysfunction or its risk factors. Future large
prospective cohort studies with adequate control
groups are needed to clarify the applicability of
estimated equations to children and CCSs for late
renal toxicity.

In the current study, childhood cancer survivors
(CCSs) demonstrated higher rates of renal
complications. The significant impairment in
glomerular filtration rate and overt renal tubular
protein excretion in childhood cancer survivors
treated with combined chemotherapies other than
HD-MTX, FN episodes, and abdominal radiotherapy
were significant parameters for late nephrotoxicity
and subclinical renal dysfunction. Early detection of
subclinical damage and early intervention may
prevent long-term problems that may progress to
chronic kidney disease. In addition, according to our
results, we can recommend calculation of eGFR
using Schwartz formula or Cys-C-based equations,
wherever applicable in CCSs who are not able to
collect urine 24 hours a day.
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