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High dose melphalan in children with advanced malignant disease

A pharmacokinetic study
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Summary. Nine children with poor-prognosis malignan-
cies — seven with advanced neuroblastoma and two with
metastatic Ewing’s sarcoma — were given high doses of
melphalan (HDM), 150 mg/m? (3 patients) and 180 mg/m?>
(6 patients), as a ‘late intensification’ agent combined with
noncryopreserved autologous bone marrow transplants.
Melphalan levels in the plasma decreased biphasically,
with mean half-lives of 6.6 min and 3.0 h. At the time of
marrow reinfusion (12~21h after HDM) the melphalan
plasma level was generally below 0.1 ug/ml. The renal
contribution to melphalan clearance was low, a mean of
5.8% of the injected dose being found in patients’ urine
over the 12 h following HDM administration. No signifi-
cant difference was seen in pharmacokinetic parameters
between patients undergoing and not undergoing forced
diuresis.

Introduction

In spite of the undeniable progress made in pediatric on-
cology, there are two tumors known to be drug-sensitive
that conventional chemotherapy is still unable to cure
once they have formed metastases: neuroblastoma [9, 12]
and Ewing’s sarcoma [10]. Several new therapeutic ap-
proaches have therefore been attempted, including high-
dose chemotherapy combined with autologous or allogen-
ic bone marrow grafting {4, 7] following standard-dose ‘in-
duction’ chemotherapy with or without surgery and/or
radiotherapy.

The OPEC regimen (vincristine, platinum, cyclophos-
phamide, and VM-26) is active as induction therapy
against neuroblastoma [16], whilst vincristine, adriamycin,
cyclophosphamide, and actinomycin D remain first-choice
drugs for the induction treatment of Ewing’s sarcoma [15].

Melphalan is one of the drugs used at high doses as a
late intensification agent for these two tumors [6, 14]. The
advantages of this alkylating agent, whose therapeutic ef-
fect is indeed related to the dose given, are that its acute
toxicity is essentially hematologic and to a lesser extent
gastrointestinal, and that its plasma half-life is short.
Therefore, although bone marrow autografting accelerates
the recovery of hematopoiesis in children receiving high-
dose melphalan (HDM), the bone marrow does not need
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to be cryopreserved but only kept at 4 °C and reinfused
within 24 h after its collection, when more than 50% of the
stem cells (CFU-C, CFU-E, BFU-E) are still likely to be
viable [13]. In this study, the pharmacokinetics of melphal-
an have been determined in nine children for at least four
reasons: (i) To correct the paucity of pharmacokinetic data
recorded in children following high-dose IV injection [17];
(ii) to analyse the influence of renal function on the drug
elimination; (jii) to verify the usefulness of hyperhydrata-
tion on the drug elimination; and (iv) to establish the plas-
ma melphalan concentration at the time of bone marrow
reinfusion.

Patients and methods

Patients. Nine children, all boys aged from 18 months to
10 years (median: 4 years), received high dose melphalan
(HDM) combined with non cryopreserved autologous
bone marrow transplants. Melphalan was given as late in-
tensification chemotherapy to seven children with ad-
vanced neuroblastoma — two stage III and five stage IV
with bone metastases [8] and to two children with metastat-
ic Ewing’s sarcoma. All patients had been given previous
chemotherapy and five had undergone surgery; each of
the Ewing’s sarcoma patients had had radiotherapy deliv-
ered to the primary tumor site. Renal function was slightly
impaired in three patients. A forced diuresis regimen was
used in the first three cases but not subsequently (Table 1).

Chemotherapy. Melphalan was given as in IV push without
cyclophosphamide pretreatment at 150 mg/m? for the first
three patients and escalated to 180 mg/m? for the other six.

Blood and urine sampling. Blood samples (2—3 ml) were
taken before and 1, 5, 10, 15, 30, and 60 min and 3, 12,
and 24 h after the end of melphalan administration. Urines
were collected every 2 h up to 24 h after HDM. Samples
were kept at 4 °C prior to analysis.

Estimation of plasma and urine melphalan concentration.
The quantitative determination of melphalan was made
using a UV detector after separation of the drug from its
hydrolysis products by high-pressure liquid chromatogra-
phy according to Chang et al. [S]. For this, 500 ul either
plasma or urine was mixed with 1 ml chilled methanol,
cooled for 3 min in isopropanol-dry ice, and centrifuged
for 3 min in a bench centrifuge at full speed. The clear su-
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Table 1. Patients’ details at the time of high-dose melphalan

Patient  Sex Age Diagnosis® Stage Previous treatment® Status¢ Serum urea Serum crea- Creatinine Forcedd
tinine clearance diuresis
(years) (mg/100 ml) (mg/100 ml) (ml/min/1.73 m?)
G.L. M 1Y, NBL III OPEC x 6 CR 35 4 48 No
Surgery
L.H. M 2u/, NBL IIT  CVA-dacarbazine CR 30 .6 72 Yes
OPEC x 6
Surgery
J.L. M 4/, NBL v CVA-dacarbazine CR 42 1.0 144 No
OPEC x 6
Surgery
F.D. M 1%/, NBL IV OPECx 6 GPR 43 5 82 Yes
H.C. M 7 NBL IV OPEC x 8 CR 38 .5 94 No
D.D. M 7/ NBL IV. OPEC x 8 CR 45 1.2 60 No
Surgery
F.X.S. M 35/, NBL IV OPEC x 6 CR 38 4 92 No
O.T. M 10 EwW IV~ CVA-acti- CR 36 4 184 No
nomycin D
Radiotherapy
J.E.D. M 4%/ EwW IV CVA-acti- CR 40 5 112 Yes
nomycin D
Radiotherapy

a NBL, neuroblastoma; EW, Ewing’s sarcoma

b OPEC, vincristine, platinum, cyclophosphamide and VM-26 [19];
CVA, cyclophosphamide, vincristine and adriamycin

¢ CR, complete response: GPR, good partial response

4 No, 1500 cc/m? for 24 h, furosemide to maintain diuresis of 8 ml/kg per h for 24 h;

Yes, 2500 cc/m2 for 24 h

pernatant was injected into a Hewlett-Packard 1084 B li-
quid chromatograph (Hewlett-Packard GMBH, Béblingen,
FRG). Chromatography was carried out isocratically at
ambient temperature using a mixture of water-acetic acid-
methanol (590:10:400 by volume) as eluent at a flow rate
of 2 ml/min. The column (250 x 4.6 mm) was packed with
10 u bonded phase (i Bondapack C18 phenyl from Wa-
ters). Peak detection was performed with a Pye-Unicam
model LC-UV spectrophotometer set at 263 nm and quan-
titation, with the aid of a calibration curve plotted after the
addition of melphalan, 0.1-50 pg/ml, to human plasma.

Pharmacokinetic analysis. Plasma concentrations (C) ver-
sus time (t) data obtained from each separate patient were
fitted to a biexponential equation and the pharmacokinetic
parameters were calculated assuming an open two-com-
partment model for melphalan disposition, as follows [1]:

InC = In (A.e"*'+Be Py

Vi = volume of central compartment = dose/
(A+B)

k,, = transfer constant from peripheral to central
compartment: (A.p + B.a)/(A+B)

k. = elimination constant = o.p/k,,

ki, = transfer constant from central to peripheral
compartment = (o4 ) — (ky; +kep)

V2 = volume of peripheral compartment = VI .
ki2/ky

AUC = area under the C versus t curve = (A/a)+ (B/
9]

Cl = systemic clearance = dose/AUC

Vd,.. = apparent volume of distribution = C1/k,.

Results

The melphalan plasma levels (Fig. 1), and therefore the
pharmacokinetic parameters deduced from them (Table 2),
exhibited great variability from one individual to the
other. The initial plasma levels were generally greater than
15 pg/ml, except for one patient (L.H.), and decreased
biphasically with mean half-lives of 6.6 min (range:
1.4-18 min) and 3.0 h (range 1-5 h). More than 90% of the
drug was cleared from the plasma during the first hour af-
ter the injection. In one case (F.D.) the plasma levels first
rose during the first hour and then declined; this was ap-
parently due to injection of the drug into the venous line
distally instead of very close to the vein.

At the time of marrow reinfusion (12-21h after
HDM), plasma levels of melphalan were very low (mean
0.06 ug/ml) (range: <0.01-0.15 ug/ml). The renal con-
tribution to melphalan clearance is low, since a mean of
5.8% of the injected melphalan dose (range 2%—13%) was
eliminated intact during the first 6 h in the urine with little
further excretion thereafter (Fig. 2). In four patients there
were enough data points to allow determination of the
urinary elimination half-life. The values, given in Table 2,
were not significantly different from those for the second
phase half-life of plasma melphalan disappearance.

The mean plasma exposure to melphalan, expressed as
the area under the C versus t curve (AUC) was
68.5 pg.h.1~! for the five surviving children who had neu-
roblastoma, while it was 23.1 ug.h.l~! in the other cases.
This difference is significant at P=0.05 (¢-test). The differ-
ence was more pronounced in neuroblastoma patients, the
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Fig. 1. Plasma concentration of melphalan (@) in nine children
after high-dose therapy. Continuous lines represent the computer-
generated best-fit curves to the data assuming an open two-com-
partment model

1 1 L 1 L
4 8 121620

patient dying of his disease (L.H.) having an AUC 9 times
lower than the mean value for survivors while the systemic
clearance was 5 times greater in this patient. The mean
plasma clearance (Cl) was lower (12.1 Lh~'m~?) in the
five surviving children than in the other children
(329 Lh~".m~?), but the difference was not significant at
P=0.05 (#test). These observations await further studies to
allow more confident assessment, and their relevance re-
mains to be established.

Forced diuresis had no significant influence on the
plasma melphalan disposition, no significant difference in
the various pharmacokinetic parameters deduced from the
open two-compartment model being observed (Table 3).

Table 2. Pharmacokinetic parameters
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Fig. 2. Cumulative urinary excretion of intact melphalan in five
patients, expressed as percentages of the injected dose

To assess the influence of renal function on the mel-
phalan disposition, linear regression analyses between
creatinine clearance and the elimination constant (k),
plasma clearance (Cl), or percentage of injected dose ex-
creted in the urine were carried out. The correlation coeffi-
cients were, respectively, 0.506 (n=8), 0.025 (n=9), and
0.499 (n=6). At a significance level of 0.05 none of these
correlation was significant [11]; thus, melphalan disposi-
tion could not be related to renal function.

Discussion

Though the sampling schedule used in this study was limit-
ed, it is evident that the plasma levels of melphalan de-
creased at least biphasically in each patient. Therefore, the
pharmacokinetic parameters were calculated by best-fit
curve to the data assuming an open two-compartment
model. In agreement with previously published work [17],
after high-dose administration by IV push melphalan plas-
ma concentrations decreased rapidly, resulting in very low
levels of drug by the time of bone marrow reinfusion, at
which time a great number of GM-CFU were still present.
However, the mean elimination phase of 3.0+19h is
longer than previously published values obtained in child-
ren [17] or in adults [3] with single-compartment models
for melphalan disposition.

From plasma data

From urine data

Patient C, Vi V, Viwea ki ky ko AUC Ci tr(@ U2(B) %Dose t,
(wg/ml) (I/m?)  (1/m?)  (1/m?) () (=) (=) (ugh1-Y) (h-'m-) (min) () eliminated (h)
G.L. 214 4.2 12.8 16.9 214 7.0 1.4 112.0 5.7 1.4 2.1 2.6 -
L.H. 1.4 89.1 381.1 470.2 2.0 0.5 0.7 7.5 61.4 13.4 6.5 - -
J.L. 19.8 10.4 41.0 51.4 8.1 2.0 2.7 23.2 27.8 3.4 1.6 1.7 2.0
FED. - - - 27.5 -~ - - 67.8 7.9 6.5 2.3 - -
H.C. 25.9 7.0 40.1 47.1 7.7 1.3 1.2 77.5 8.4 4.1 4.4 12.8 -
D.D 16.5 10.9 27.0 37.8 8.1 3.3 2.9 20.4 31.7 3.1 1.0 1.7 1.2
F.X.S. 24.4 7.4 254 32.8 0.8 0.2 14 61.8 10.6 18.4 5.0 3.5 4.4
O.T. 21.3 8.4 18.2 26.7 7.1 33 2.9 26.5 24.5 33 0.9 12.5 0.9
J.E.D 14.1 10.6 48.9 59.5 5.0 1.1 1.3 38.0 14.2 5.8 34 - -
Mean 18.1 18.5 74.3 85.5 7.5 2.3 1.8 48.3 214 6.6 3.0 5.8 2.1
+ SEM 2.8 10.1 44.1 48.3 22 0.8 0.3 11.2 59 1.9 0.6 22 0.8
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Table 3. Mean pharmacokinetic parameters

Neuroblastomas Ewing’s sarcoma Patients alive  Patients died Forced diuresis

AW.D. D.0.C. D.W.D. DW.D. Yes No
From plasma data (n=5) (n=1) (=1 (n=2) (n=5) (n=4) (n=3) (n=06)
C, (Lg/ml) 229+ 14 16.5 14 175+ 3.6 229+ 14 133+ 6.0 78 64 216+ 14
V4 (1/m?) 351+ 6.3 378 4702  43.1 £ 16.5 351+ 63 148.6 + 107.4 1857+ 1425 355+ 52
kg (h-Y) 1.7+ 04 29 0.7 2.1+ 0.8 1.7+ 04 20+ 0.6 1.0 03 21+ 03
AUC (ug.h.1-Y 68.5+ 143 204 7.5 328+ 57 68.5 + 143 231+ 6.4 378+ 174 53.6 £15.1
Cl1(1.h-tm-?) 121 £ 4.0 317 61.4 194+ 3.7 12.1 £ 4.0 33.0+ 102 27.8 %+ 169 18.1+ 4.6
ty2 (@) (min) 68+ 30 3.1 134 46+ 09 6.8+ 3.0 64+ 24 86+ 24 56+ 26
ti2 (B) (h) 31+ 07 1.0 6.5 22+ 09 3.1+ 07 30+ 1.3 41 13 25+ 0.7
From urine data (n=4) (n=1) N.D. (n=1) (n=4) (n=2) N.D. (n=6)
ti2 (B) (h) 32+ 09 1.2 - 0.9 32+ 09 L1 01 - 21+ 08
% Dose eliminated 52+ 26 1.7 - 12.5 52+ 26 7.1+ 54 - 58+ 22

2 A.W.D.: alive without disease; D.O.C.: died of complications; D.W.D.: died with disease

After IV administration, melphalan was distributed in
a volume greater than the body volume, suggesting that the
drug is segregated and concentrated in concealed compart-
ments. In vitro, melphalan is taken up by an active carrier-
mediated process and concentrated 5- to 10-fold in various
cell lines [2, 18].

The effect of hyperhydration on drug elimination has
been studied with reference to pharmacokinetic parame-
ters deduced from the plasma values rather than from
urinary data. The elimination constant k., and the plasma
exposure to the drug were lower, though not significantly,
in patients undergoing forced diuresis, and the systemic
clearance was somewhat higher in those patients. There-
fore, from a pharmacokinetic point of view forced diuresis
is not necessary in children treated with HDM given by
the IV route, as already suggested by Taha et al. [17].

No significant relationship could be found between
creatinine clearance and such pharmacokinetic parameters
as k,;, Cl or percentage of injected dose found in patients’
urine, and therefore in this study the melphalan disposi-
tion does not seem to be influenced by renal function. This
could be due to the fact that melphalan is relatively un-
stable and is eliminated mainly by way of spontaneous hy-
drolysis or by biliary excretion [17].

The possibility that patients with relatively slow mel-
phalan plasma clearance fare better than those who elimi-
nate the drug more quickly deserves further study.

Acknowledgements. The authors gratefully thank the nurses and
medical staff for their care of the patients, and Mrs M. Debroux-
Dechambre and Miss M. Goldmann for their skilful technical as-
sistance. Professor J. B. Otte performed the surgical procedures.
The helpful comments of Dr J. Pritchard have been much appre-
ciated.

References

1. Baurain R, Deprez-de Campeneere D, Zenebergh A, Trouet
A (1982) Plasma levels of doxorubicin after IV bolus injection
and infusion of the doxorubicin-DNA complex in rabbits and
man. Cancer Chemother Pharmacol 9: 93-96

10.

13.

14.

I5.

. Begleiter A, Lam H-Y P, Grover J, Froese E, Goldenberg GJ

(1979) Evidence for active transport of melphalan by two ami-
no acid carriers in L5178 Y lymphoblasts in vitro. Cancer Res
39:353-359

. Bosanquet AG, Gilby ED (1984) Comparison of the fed and

fasting states on the absorption of melphalan in mutliple mye-
loma. Cancer Chemother Pharmacol 12: 183-186

. Champlin RE, Gale RP (1984) Role of bone-marrow trans-

plantation in the treatment of hematologic malignancies and
solid tumors: critical review of syngeneic, autologous, and al-
logeneic transplants. Cancer Treat Rep 68: 145-161

. Chang Y, Alberts DS, Melnick LR, Walson D, Salmon SE

(1978) High-pressure liquid chromatographic analysis of mel-
phalan in plasma. J Pharm Sci 67: 679-682

. Cornbleet MA, Corringham RET, Prentice HG, Boesen EM,

Mc Elwain TJ (1981) Treatment of Ewing’s sarcoma with
high-dose melphalan. Cancer Treat Rep 65: 241-244

. Ekert H, Ellis WM, Waters KD, Tauro GP (1982) Autologous

bone-marrow rescue in the treatment of advanced tumors of
chilhood. Cancer 49: 603 -609

. Evans AE, D’Angio GJ, Randolph J (1971) A proposed stag-

ing for children with neuroblastoma. Cancer 27: 374-378

. Finklestein JZ, Klemperer MR, Evans AE, Berstein I, Leikin

S, Mc Creadie S, Grosfeld J, Hittle R, Weiner J, Sather H,
Hammond D (1979) Multiagent chemotherapy for children
with metastatic neuroblastoma: a report from the Children’s
Cancer Study Group. Med Pediatr Oncol 6: 179-188
Glaubiger D, Makuch R, Schwarz J, Levine AS, Johnson RE
(1980) Determination of prognostic factors and their influ-
ence on therapeutic results in patients with Ewing’s sarcoma.
Cancer 45:2213-2219

. Hoel PG (1947) Introduction to mathematical statistics. John

Wiley and Sons, New York, p 88

. Ninane J, Pritchard J, Malpas JS (1981) Treatment of adv-

anced neuroblastoma: does adriamycin contribute? Arch Dis
Child 56: 544-548

Ninane J, Latour MJ, Cornu G, Symann M (1982) Haemo-
poietic stem cells in noncryopreserved autologous bone-mar-
row transplant. XIVth Meeting of the International Society of
Pediatric Oncology. Bern, Switzerland, Sept. 21-25, 1982
Pritchard J, Mc Elwain TJ, Graham-Pole J (1982) High-dose
melphalan with autologous marrow for treatment of advanced
neuroblastoma. Br J Cancer 45: 86-94

Rosen G, Caparros B, Mosende C, Mc Cormick G, Huvos
AG, Marcove RC (1978) Curability of Ewing’s sarcoma and
consideration for future therapeutic trials. Cancer 41:
888-889



16.

Shafford EA, Rogers DW, Pritchard J (1984) Advanced neu-
roblastoma. Improved response rate using a multi-agent regi-
men (OPEC) including sequential cis-Platinum and VM-26.
J Clin Oncol (2: 742 —747)

. Taha IAK, Ahmad RA, Rogers DW, Pritchard J, Rogers HJ

(1983) Pharmacokinetics of melphalan in children following
high-dose intravenous injection. Cancer Chemother Pharma-
col 10:212-216

267

18. Vistica DT, Rabon A, Rabinovitz M (1979) Amino acid-con-
ferred protection against melphalan: interference with mel-
phalan therapy by L-leucine, a competitive substrate for
transport. Cancer Lett 6: 7-12

Received October 15, 1984/Accepted April 12, 1985



