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Dose-related nephrotoxicity of carboplatin in children

MW English, R Skinner, ADJ Pearson, L Price, R Wyllie and AW Craft

Sir James Spence Institute of Child Health, The Royal Victoria Infirmary, Newcastle upon Tyne NE1 4LP, UK

Summary This study investigated changes and the time course of these changes in renal function in children following treatment with
carboplatin, and identified risk factors for nephrotoxicity. Glomerular and proximal renal tubular function were investigated before and up to
2 years after treatment in 23 children who received carboplatin. The main findings were reduced glomerular filtration rate (GFR), and
increased renal tubular loss of magnesium, manifested by a low serum magnesium (S Mg). The mean fall in GFR was 22 ml min™ 1.73 m
(P=0.012), and in S Mg it was 0.17 mmol I'* (P = 0.0077). No patient had a clinically important reduction in GFR, and only one patient had
symptomatic hypomagnesaemia. GFR and S Mg did not change over time after completion of treatment. Cumulative dose (CD) of carboplatin
was inversely related to mean S Mg at the end of treatment (P = 0.031), and directly related to the fall in S Mg (P < 0.001). Calculated
cumulative area under the plasma concentration versus time curve (AUC) of carboplatin was inversely related to S Mg after treatment (P =
0.004). Dose intensity (DI) of carboplatin was not shown to be related to S Mg following treatment. CD, AUC and DI of carboplatin were not
related to GFR, nor change in GFR, after treatment. High CDs of carboplatin may be associated with evidence of renal damage qualitatively
similar to but less severe than that caused by cisplatin. GFR and SMg should be carefully monitored when high CDs of carboplatin are used,
or if carboplatin is combined with other nephrotoxic chemotherapy.
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Carboplatin is a second-generation platinum compound which W"ﬁIATERIALs AND METHODS
developed in an attempt to overcome side-effects such as renal
damage, peripheral neuropathy and ototoxicity, which werg giiants
associated with its parent compound cisplatin. It is now a first-line
drug for several paediatric tumours including germ cell tumoursiwenty-three patients (ten female) were studied. All had received
(Pinkerton et al, 1990), primitive neuroectodermal tumours an@arboplatin but not cisplatin or ifosfamide at the Children’s
low-grade gliomas (Lashford et al, 1996), neuroblastoma (Castétancer Unit, Newcastle upon Tyne between 1988 and November
et al, 1995) and malignant mesenchymal tumours (Doz and994. Their median age at diagnosis was 4.6 years (range 0.4
Pinkerton, 1994), and has demonstrated activity in other maligl5-4 years). The carboplatin dose (mg)ralong with concurrent
nancies including Wilm's tumour (de Camargo et al, 1994:heights, weights and GFR measured *yr-EDTA clearance,
Ettinger et al, 1994). together with details of any treatment with nephrotoxic antibiotics

Initial reports of the effect of carboplatin on renal function inOf chemotherapy, were recorded. In 11 childf@r—EDTA
children indicated little or no impairment in glomerular filtration clearances were performed at least once every second course
following carboplatin (Castello et al, 1990; Pinkerton et al, 19900f chemotherapy which enabled the cumulative area under the
Stevens et al, 1991; Brandt and Broadbent, 1993), even whdHhasma concentration versus time curve (AUC) of carboplatin for
doses of 1000 mg thcourse! were used (Castello et al, 1990). all courses to be calculated. Carboplatin AUC was calculated
Hypomagnesaemia has been reported after carboplatin in childré@gcording to the paediatric dosing equation (Newell et al, 1993):
(Skinner et al, 1994 Ettinger et al, 1994). There has been one Ayc [mg/ml.min] = Dose [mg] / (GFR [ml/min] +
case report of acute renal failure following high-dose carboplatin (0.36x BW [Kg])) where BW equals the body weight.
in a child (Frenkel et al, 1995).

The purpose of this investigation was to examine renal functiofratients were treated on a variety of different protocols. Three
in a cohort of children who had completed treatment with carboteceived treatment with high-dose methotrexate, but no other
platin, to determine whether renal function changed over time aftéfephrotoxic anticancer agents were employed. Four children

treatment, and to identify possible risk factors for nephrotoxicity. feceived treatment with aminoglycoside antibiotics and four
received amphotericin B during supportive care after

chemotherapy. The case records of one child were not available,

Received 3 December 1998 but it is known that she did not receive any nephrotoxic
Revised 25 March 1999 chemotherapy other than carboplatin. The median cumulative dose
Accepted 12 April 1999 (CD) of carboplatin was 2590 mg-fifrange 1364—7133 mgf).

Patient characteristics and details of carboplatin doses adminis-
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tered are summarized in Table 1.
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Table 1 Characteristics of patients studied

Mean
Total Dose carboplatin
Age dose of intensity of dose each Other
Patient (years) Sex Diagnosis carboplatin carboplatin course nephrotoxic
Investigations (mgm -?) (mg m-?) (mg m-?) treatment
week ™)
1 15.1 M Glioma 4y 7133 124 594
2 1.8 F Glioma 1m 5239 135 524
3 13.1 F Dysgerminoma im,2y 4063 180 677 AG
4 0.6 M Astrocytoma 6m,2y 1364 196 742 AG
5 5.6 F PNET im,2y 2294 167 1148 AG, Ampho
6 3.8 F PNET 1m 2324 171 1162
7 4.6 M PNET im 2365 197 1182
8 1.4 F Sacrococcygeal teratoma im,2y NK NK NK NK
9 0.6 M Neuroblastoma 6m,1y,2y 1364 222 682 AG
10 0.8 F Sacrococcygeal teratoma 1m,1ly 2y 3967 214 661
11 0.9 F Retinoblastoma im,2y 1815 153 454
12 12.1 M Hypothalamic teratoma im,1ly 3855 156 550 Ampho,
MTX
13 12.3 F Hypothalamic teratoma P1lm,1ly 2766 164 614 Ampho,
MTX
14 12.2 M PNET P,1m, 1y 2389 199 1194
15 11.6 M Pineal teratoma P1m,6m,1ly 3560 106 508 Ampho,
MTX
16 4.7 M PNET P1m 1y 2114 154 1056
17 1.2 M Low grade astrocytoma P1lm,1ly 5485 141 499
18 15.4 M Hypothalamic teratoma P,1m,6m 6006 282 1001
19 1.4 M Teratoma 6m, 2413 192 528
20 1.8 F Low-grade astrocytoma 6m 7133 179 634
21 16.2 M Pineal dysgerminoma P,1m,6m 3801 166 603
22 10.9 F Low-grade astrocytoma P,1m,6m 2063 143 1032
23 0.4 M Teratoma P,1m 2222 171 555
Median 2590 169 648
Min 1364 106 454
Max 7133 282 1194

PNET = primitive neuroectodermal tumour. P = pretreatment, 1 m = 1 month, 6 m = 6 months, 1y = 1 year, 2y = 2 years, 4y = 4 years. AG = aminoglycoside

antibiotics or vancomycin; Ampho = amphotericin; MTX = high dose methotrexate; NK = not known.

Methods

Investigation of renal function

We have previously described a protocol for the detaile
evaluation of glomerular, proximal and distal renal tubular
function (Skinner et al, 199) Glomerular filtration rate (GFR)
was measured froMCr-EDTA plasma clearance. A GFR < 90 ml
min~t 1.73 m?was considered to be below normal. Corresponding
plasma and urine specimens are obtained and serum magnesi
(S Mg), fractional excretion of magnesium (FEMg), serum ionizec
calcium (S lon Ca), fractional excretion of glucose (FEgluc), an
the ratios of the urine protein (Uprot:C), retinol binding protein
(URBP:C), lactate dehydrogenase (ULDH:C), alanine aminc
peptidase (UAAP:C), alkaline phosphatase (UAKP:C) anc
N-acetyl glucosaminidase (UNAG:C) to urine creatinine were
measured. Renal function was assessed 1 month, 6 months (1¢
onwards), 1 year (1993 onwards) and 2 years after the completi 03
of treatment using this protocol. Before the first course of treal
ment with carboplatin twenty-one children had GFR measurec,

but only nine had a full assessment of renal function performed. Figure 1~ Serum magnesium following treatment with carboplatin

Serum magnesium (mmol I‘l)

Pre 1 6 12 24
Months after completion of treatment with carboplatin

Change in renal function over time
GFR, S Mg, FEMg, S lon Ca, FEgluc, Uprot:C, URBP:C, paired Student'd-test comparing before to completion of treat-
ULDH:C, UAAP:C, UAKP:C and UNAG:C were evaluated by ment, and before to the regular time points after treatment.
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Prediction of risk factors for carboplatin nephrotoxicity

Because there were significant changes in S Mg and GFR fro
before to after completion of treatment they were chosen as indic 220
of carboplatin nephrotoxicity. As there was no significant change ii
the values of S Mg and GFR over time after the completion of trea
ment with carboplatin, the mean of all the post-treatment observi 180
tions for S Mg and GFR for each patient, and the difference g
between the pretreatment and the mean post-treatment result

each patient were used as markers of carboplatin nephrotoxicity.

Pretreatment GFR, CD, DI, and AUC of carboplatin were
chosen as potential predictors of carboplatin nephrotoxicity. D
was expressed as mgZweek? of carboplatin. Their importance
as predictors of nephrotoxicity was evaluated by linear regressic 80
analysis.

These investigations were approved by the Joint Ethic:
Committee of Newcastle Health Authority and the University of 40
Newcastle upon Tyne. Informed consent for participation was
obtained from the parents and, where appropriate, the patients.
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RESU LTS Months after completion of treatment with carboplatin
Pretreatment renal function Figure 2 Glomerular filtration rate following treatment with carboplatin

Three patients had slightly low and three had slightly high GFRs
(79, 86 and 89, and 201, 207 and 217 mltin73 m?). All
results were confirmed as showing predicted volumes of distribt °-°'l
tion of SXCr—EDTA within normal limits and as having good linear m °
fits on the clearance slope of the isotope. S Mg was normal in
patients before treatment commenced.

1
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and mean post-treatment S Mg (mmol ™)

Difference between pretreatment S Mg
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Change in GFR and S Mg following carboplatin

S Mg P = 0.0077) and GFRR(= 0.012) both fell significantly
during treatment with carboplatin. The mean reduction in S M
was 0.17 mmolt (95% confidence interval (Cl) 0.06—-0.28), and
the mean fall in GFR was 22 ml mirl.73 m? (95% CI 5-38).
Figures 1 and 2 show the changes in S Mg and GFR from before
up to 2 years after completion of treatment. GFR and S Mg did n« oa . . . . , . .
change significantly over the 2 years following the completion o 200 3000 4000 5000 6000 Tooe
treatment. One patient had symptomatic hypomagnesaemia a
suffered a fit 1 year after completion of treatment when magnerigure 3 Cumulative dose of carboplatin and the difference between pre-
sium treatment was withdrawn. It was restarted and he has betreatment and mean post-treatment serum magnesium for each patient
asymptomatic since then. No other patient had any clinically

important symptoms which could be attributed to renal damage.
(282 mg ni week?) of carboplatin had the lowest mean S Mg after

treatment, whereas patients 1 and 20 had high CDs (7133fng m
each) but low DIs (124 and 179 mgZweek?) of carboplatin and
Minor abnormalities of no clinical significance were noted for both had mean S Mg > 0.7 mmdlafter treatment, so increased DI
S lon Ca, FE Mg, FE gluc, Uprot:C, URBP:C, ULDH:C, may be important with higher CDs of carboplatin. Cumulative AUC
UAAP:C, UAKP:C, and UNAG:C after the completion of treat- of carboplatin was inversely related to mean S Mg after completion
ment. There was a statistically significant but clinically unimpor-of treatment® = 0.004,r2 0.62) (Figure 4). This result is heavily
tant fall in UNAG:C between 1 month after treatment and lateinfluenced by patient 18 who also had a high DI. There was insuffi-
studies, mean fall 0.15 U mmbtreatinine (95% CI 0.03-0.27).  cient data to compare cumulative AUC of carboplatin with change
in S Mg over the course of treatment. CD and cumulative AUC of
Prediction of risk factors for carboplatin nephrotoxicity carboplatin were not related to GFR after the completion of treat-

) ) ) ment, nor to change in GFR from before to after treatment.
Increasing CD of carboplatin was inversely related to the mean S

Mg after treatmentR = 0.031,r2 0.212), and directly related to the
reduction in S Mg over the course of treatmént 0.001,r20.814)
(Figure 3). DI of carboplatin was not statistically related to S MgThree patients with intracranial germ cell tumours received a
after treatment, or to change in S Mg from before to after treatmenprotocol which combined carboplatin with intermediate dose
However, patient 18 with both a high CD (6006 m§mnd high DI methotrexate (1 g 1 10 days later. GFR in these children was 69,

|

o
N
1

0.3

jal

Cumulative dose of carboplatin (mg m‘z)

Changes in other measures of renal function

Other risk factors for renal damage
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1989). Renal toxicity became the non-haemopoietic dose-limiting
toxicity when carboplatin was infused in doses of up to
2400 mg nT2 as a single agent with haemopoietic stem cell rescue
(Shea et al, 1989), and in doses of up td0I6f nr2in combina-
tion with cyclophosphamide and etoposide (Shea et al, 1992). No
nephrotoxicity was seen when carboplatin to a total oD1h5§
m~2was given along with high-dose etoposide to adults with germ
cell tumours (Nichols et al, 1992). There has also been a report of
interstitial nephritis associated with renal failure in two adults
with ovarian carcinoma who received intraperitoneal carboplatin
0.6 (McDonald et al, 1991), but these patients had been heavily
a pretreated with cisplatin.
Brandt and Broadbent examined glomerular function in detail in
0s - I children receiving carboplatin usiftCr—EDTA clearance (Brandt
10 20 30 40 s e 70 and Broadbent, 1993). They found no significantfedence
Cumulative AUC of carboplatin between initial GFR and GFR before the final course of treatment
in 26 children. Howewe the mean dose of carboplatin received by
Figre 4 O t h e r risk factors for ther patients (208mg n¥) gvas significanidyalessRardIQO&ind the r
for each patient after treatment unpaired Studeig t-test) than that given in this study
(3418 mg n1?). In addition, no investigations were carried out after
the completion of treatment. Pinkerton et al reported no significant
nephrotoxicity in 21 patients receiving ‘JEB’ (Pinkerton et al,
76 and 7ml mim? 1.73m2 1 month after the completion of 1990). No patient had a GFR below @l min? 1.73m2 and
therapy, but compared with patients receiving similar CDs of although falls in GFR of > 10% were noted in three patients there
carboplatin they did not have a disproportionate fall in GFRwas no overall significant fference between the pretreatment
following treatment. Each also received amphotericin B. Only on&FR and the last GFR recorded during treatment in their patients.
other patient received amphotericin, and he had no recordethey aimed to administer a carboplatin AUC 06%rg mi.. min
nephrotoxiciy. The number of patients receiving aminoglycosidebased on GFR measured®@r—EDTA clearance. The mean dose
antibiotics was too small to permit statistical analysis, but thereeceived by their patients was around @8@y nr?> with a
was no obvious association with nephrotoxicit maximum of around 3Zbmg nr2. Stevens et al showed no signif-
icant change in GFR after treatment with carboplatin to a dose
of 1010 mg m2in 19 patients and 202ng nt2in nine patients
DISCUSSION (Stevens et al, 1991). Again, this is a significantly lower dose of
This study has shown that the predominant changes in renal funcarboplatin than that received by the patients in the present stud
tion observed after treatment with carboplatin are reductions in Frappaz et al reported one case of acute renal failure and a > 50%
GFR and S Mg. The reduction in GFR is seen in spite of the fageduction in GFR in six out of 39 patients receiving two courses
that there were five children under the age of 1.ydze change in  of carboplatin (80 mg nr%course) and etoposide for relapsed
the surface area to weight ratio over the first year of life means thaeuroblastoma (Frappaz et al, 1992). These patients had receive
when the GFR is expressed as a ratio to surface area it increage®r nephrotoxic therapy (mean dose of cisplati #g n?).
over the first year of life (there are minimal changes in the second Renal tubular damage resulting in hypomagnesaemia is a recog-
year of life). There were inficient younger patients to explore nized feature of cisplatin nephropathy in adults (Bitran et al, 1982;
this furthe, but this phenomenon may have reduced the magnitudBuckley et al, 1984; Flombaum, 1984; Hill and Russo, 1981; Salem
of the observed fall in GFR seen in this stuQualitatively et al, 1984) and children (Brock et al, 1991). HowgvYew
similar, but quantitatively more severe, changes are also seenvestigators have examined aspects of renal function other than
after cisplatin treatment in childreiVomer et al, 1985; Brock glomerular filtration in children who have received carboplatin.
et al, 1991). Higher CD of carboplatin was significantly correlatedHypomagnesaemia has been previously reported in a subset of the
with lower S Mg concentrations after treatment, as was highepatients in this study (Skinner et al, 18R10ther authors have
cumulative AUC of carboplatin. A statistical relationship betweenreported it as an infrequent problem during treatment in children
DI of carboplatin and S Mg after treatment was not observed, byEttinger et al, 1994Tscherning et al, 1994), and more frequently
this investigation does not haveffizient numbers to exclude an in adults receiving high-dose carboplatin prior to autologous bone
effect at higher CDs and DIs of carboplatin. marrow transplant (Shea et al, 1989). Goren et al reported chronic
Single doses of less than@®Mg nr2 carboplatin have not been sub-clinical renal tubular damage after carboplatin treatment
found to be nephrotoxic in adults (Skillen et al, 1988; Mason et aGoren et al, 1987). Until now there have been no reports of chronic
1991), but renal damage has been documented with higher dosegpomagnesaemia after carboplatin and the relationship between
Adults with ovarian carcinoma treated with single agent carboCD of carboplatin and hypomagnesaemia has not been noted.
platin at a dose of 1@0ng nT® course! (median of 4 courses) No change in GFR or S Mg has been demonstrated over time
had a transient decrease in GFR during treatment which resolvedter completion of treatment with carboplatin in the currentystud
spontaneously after therapy was completed (Hardy et al, 1990). Kittle has been published on serial changes in renal function after
detailed study by Sleijfer et al also showed a 19% reduction igompletion of treatment with carboplatin. Hardy et al showed a
GFR in adults with lung cancer receiving carboplatin at dosesignificant reduction in median GFR from Bonl min? before
of 400 mg n1? course! (maximum of five courses) (Sleijfer et al, treatment to 66.ml min? immediately after treatment in 28

Mean S Mg post-treatment
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patients with ovarian carcinoma (dose 1 ¢ sourse!, median Castel V, Badal M, Bezanilla J, Llombart A, Ruiz-Jiménez J, Sanchez de Toledo J,
four courses); however, there was a subsequent increase to 82 ml Melero C and Mulet M (1995) Treatment of stage Il neuroblastoma with
s emphasis on intensive induction chemotherapy: a report from the
min-at> 3 mths pOStTtreatment (Hardy etal, 1990)' Neuroblastoma Group of the Spanish Society of Pediatric Oncology.
Nephrotoxicity, as defined by a GFR < 90 ml mih.73 n72 or Med Pediatr Oncok4: 29-35
a S Mg < 0.7 mmol, could not be related to any pretreatment Castello MA, Clerico A, Jenkner A and Dominici C (1990) A pilot-study of high-

measures of renal function in this study. Brandt and Broadbent did dose carboplatin and pulsed etoposide in the treatment of childhood solid
. . tumors.Pediatr Hematol Oncol: 129-135
not report more glomerUIar damage after treatment in Ch”dreEorbett R, Pinkerton C, Pritchard J, Meller S, Lewis I, Kington J and McElwain T

with low GFRs prior to treatment with carboplatin (Brandt and (1992) Pilot study of high dose vincristine, etoposide, carboplatin and high
Broadbent, 1993). dose melphalan with autologous bone marrow rescue in advanced

Three patients were treated on a protocol that included high- neuroblastomaur J Cance28A: 1324-1328 _
dose methotrexate. They all had low GFRs at completion of treaf!® ©@margo B, Melaragno R, Silva NSE, Mendonca N, Alvares MN, Morinaka E,

. . .. Marques A and Cusato MP (1994) Phase Il study of carboplatin as a single
ment, but h_ad also required treatment with amphotericin. There drug for relapsed Wilms’ tumor: experience of the Brazilian Wilms’ Tumor
was no obvious association between treatment with aminoglyco-  study GroupMed Pediatr Onco2: 258-260
side antibiotics and nephrotoxicity. The use of amphotericin an@oz F and Pinkerton R (1994) What is the place of carboplatin in paediatric
aminoglycoside antibiotics after high-dose carboplatin has been oncology?ur J CanceS0A 194-201 ‘
reported to be associated with renal failure (Shea et al 1995;"35CA'.3’ Ayash LJ, Eder JP, Wheeler C, Deary J, Weissman L, Schryber S, Hunt M,

. ritchlow J, Schnipper L and et al. (1991) A phase | study of high-dose
Marina et al, 1993). Although there have been no reports of the istamide and escalating doses of carboplatin with autologous bone marrow
effect of combining carboplatin and high-dose methotrexate on  supportJ Clin Oncol9: 320-327
renal function, the combination of carboplatin and other potenkEttinger LJ, Gaynon PS, Krailo MD, Ru N, Baum ES, Siegel SE and Hammond GD

tiaIIy nephrotoxic Chemotherapy has been reported High-dose (1994) A phase Il study of carboplatin in children with recurrent or progressive
’ solid tumorsCancer73: 1297-1301

carboplatln and ifosfamide prior to aUt0|Ogous bone MarroWe; mpaum co (1984) Hypomagnesemia associated with cisplatin combination
rescue has been associated with significant reductions in GFR, chemotherapyarch Int Med144 2336-2337

especially at higher doses of carboplatin (Broun et al, 1991; Elia&appaz D, Michon J, Hartmann O, Bouffet E, Lejars O, Rubie H, Gentet JC,
et al, 1991; Wilson et al, 1992; Siegert et al, 1994)’ with less Chastagner P, Sariban E, Brugiere L and et al. (1992) Etoposide and

. . . : i _ carboplatin in neuroblastoma: a French Society of Pediatric Oncology phase Il
damage reported in children. The combination of high-dose carbo study.] Clin Oncol10: 1592-1601

plaf[ir), melphalan, .vi‘ncristine and etoposide caqsed severe renghnkel J, Kool G and de Kraker J (1995) Acute renal failure in high dose
toxicity when administered on the same day prior to autologous carboplatin theraped Pediatr OncoR5: 473-474

bone marrow rescue (Gordon et al, 1992) rather than spread oV@grdon SJ, Pearson AD, Reid MM and Craft AW (1992) Toxicity of single-day
several days (Corbett et al 1992) high-dose vincristine, melphalan, etoposide and carboplatin consolidation with

. . . .. autologous bone marrow rescue in advanced neuroblasiema.Cancer
In conclusion, treatment with carboplatin caused statistically 555 1319_1323

significant reductions in GFR and S Mg in this cohort of childrengoren MP, Forastiere AA, Wright RK and et al (1987) Carboplatin (CBDCA),
treated with carboplatin. However, only one patient had clinical  iproplatin (CHIP), and high dose cisplatin in hypertonic saline evaluated for
problems requiring magnesium supplementation. Renal function  tubular nephrotoxicityCancer Chemother Pharmact: 57-60

, : : H Tan S, Fryatt | and Wiltshaw E ici in?
was unchanged during the 2 years of observation following therapy.ard)‘;rlJ ca;nié e 4a”d fishaw £ (1990) How nephrotoxic is carboplatin

Hypomagnesaemia following therapy with carboplatin occurs withyj 38 and Russo A (1981) Cisplatin-induced hypomagnesemic hypocalcemia
increasing frequency and severity after higher doses of carboplatin. [letter]. Arch Int Med141: 1100-1101
Lashford LS, Campbell RH, Gattamaneni HR, Robinson K, Walker D and Bailey C
(1996) An intensive multiagent chemotherapy regimen for brain tumours
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