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Summary The maximum tolerated dose of paclitaxel administered by 24-hour continuous infusion in children is known. Short infusion might
offer equivalent antitumour efficacy and reduced haematological toxicity, without increasing the allergic risk. Our aims were to determine the
maximum tolerated dose and the pharmacokinetics of paclitaxel in children when administered in 3-h infusion every 3 weeks. Patients older
than 6 months, younger than 20 years with refractory malignant solid tumours were eligible when they satisfied standard haematological,
renal, hepatic and cardiologic inclusion criteria with life expectancy exceeding 8 weeks. Paclitaxel was administered as a 3-hour infusion after
premedication (dexamethasone, dexchlorpheniramine). Pharmacokinetic analysis and solvent assays (ethanol, cremophor) were performed
during the first course. 20 courses were studied in 17 patients; 4 dosage levels were investigated (240 to 420 mg/m?). No dose-limiting
haematological toxicity was observed. Severe acute neurological and allergic toxicity was encountered. One treatment-related death occurred
just after the infusion at the highest dosage. Delayed peripheral neurotoxicity and moderate allergic reactions were also encountered.
Pharmacokinetic analysis showed dose-dependent clearance of paclitaxel and elevated blood ethanol and Cremophor EL levels. Although no
limiting haematological toxicity was reached, we do not recommend this paclitaxel schedule in children because of its acute neurological
toxicity. © 2001 Cancer Research Campaign http://www.bjcancer.com
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Paclitaxel is an anti-microtubular agent with a known efficacy inacceptable toxicity is still justified for refractory or relapsed

numerous adult solid tumours (Rowinsky and Donehower, 1995Yumours. The aim of this study was to determine the dose-limiting

A phase | trial of paclitaxel in children with refractory solid toxicity, maximum tolerated dose and pharmacokinetics of pacli-

tumours showed that the recommended dose for phase Il trialaxel in children when administered as a 3-hour infusion. Since

was 350 mg/rhday! when administered as a 24-hour infusion. paclitaxel has low water solubility, it is formulated for clinical use

The main dose-limiting toxicity was neurological (peripheralin 50% cremophor EL and 50% ethanol, so that patients receiving

neuropathy in one patient, tonic-clonic seizure in another). Theaclitaxel therapy also receive a significant amount of these

other toxicities encountered were expected from adult experienceolvents. Because of the toxicity encountered, we also investigated

haematological toxicity, hypersensitivity (Hurwitz et al, 1993). the pharmacokinetics of these two solvents.

However, some clinical data support the fact that a 3-hour short-

term infusion of paclitaxel might offer equivalent anti-tumour effi-

cacy and reduced haematological toxicity without increasing the ATIENTS AND METHODS

risk of hypersensitivity (Eisenhauer et al, 1994). Phase | trials in

adults of paclitaxel administered as a 3-hour infusion showed th&t9ibility

the recommended dose for solid tumours was 210 fng/850  patients older than 6 months and younger than 20 years at the time

mg/n¥ with G-CSF support (Schiller et al, 1994; Younes et al,of treatment with histologically documented malignant solid

1995). tumours, refractory to at least two lines of conventional thera-
Despite the usual remarkable chemosensitivity of malignanpeutic modalities with a life expectancy of more than 8 weeks

solid tumours in children, the development of new agents or neyere eligible for the study, provided they satisfied the following

methods of drug administration with demonstrated efficacy anligibility criteria: Lansky score=50 (Lansky et al, 1987),

adequate haematological status (Granulocytes000ul-,
platelets=100 000ul-* except in the case of bone marrow involve-

Received 16 May 2000 ment), normal liver function (bilirubirc1.25 x N, AST and
Received 8 November 2000 ALT <2 x N, fibrinogens< 1.5 g I and prothrombin levet60%),
Accepted 21 November 2000 adequate renal function (creatinine < 1000l 1L, creatinine
Correspondence to: F Doz clearance=70 ml minY1.73 n¥), normal electrocardiogram and
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3-hour paclitaxel infusion in children 605

echocardiography and no organ toxicity with WHO grade >2. InPharmacokinetic studies
patients with epilepsy, the plasma level of the antiepileptic drug ha

to be within the therapeutic range. No other anticancer treatmeg
was allowed during the study and the time interval between previou

lood samples were drawn before treatment and at 12 time points
51l:Jtring and for up to 72 hours after infusion (90 and 180 minutes
treatments and administration of paclitaxel had to be at least 3 wee ier 4t2 eaa%g'ggmﬁoﬁgnf;;'e?n;hleo’esn% 602 ?:Puusts)??ngli’séla&v:js’

and 6 weeks in the case of previous use of nitrosoureas. . . . o
A patient could not be included in the case of severe infectionObtalned by centrifugation and frozen at -20°CpiS® 1 ml of

previous large field irradiation (such as craniospinal irradiation) bau:r:}alri)ézstgjah\;vir_e e??::%lzgc;o{i tﬁ:glcﬁfglg:?flr:e;erﬂgfgf dn
previous use of high-dose chemotherapy with haematopoietic ste tin et al 19998 pTh limit of q ntification wg |025yn |
cell transplantation, known heart disease, previous neurologic artin €t al, ). The of quantilication was g

- ; ) : 9nM). In plasma spiked with 44, 440 and 750 ng,nthe
toxicity grade=2, disseminated hepatic metastases and know - .
. N Interassay variability was 11.18%, 2.97% and 3.02%, respectively.
allergy to cremophor (e.g. previous allergy to teniposide). Th

rotocol was approved by ethical committee and by partic: atinerOtal area under the curve (AUC) was determined by the linear
protoce pprov y d by p P ?rapezoidal rule extrapolated to infinity. The terminal rate constant
institutions. Written informed consent was obtained from parents(B) was determined by log-linear least-sauares fit of the terminal
guardians and children when appropriate. T y log d

elimination phase. Total-body clearance was calculated by

dividing the dose by AUC. The ¢ sample was drawn at the end
Treatment of infusion. Duration of threshold above Qui, which has been
reported to be correlated with more severe neutropenia (Huizing et

Pa}clltaxel was supplied by Bristol My_ers Squ_lbb_ (Paris I‘aal, 1993; Gianni et al, 1995), has been determined in each patient.
Défense, France) as a concentrated sterile solution in 50% poly-

oxy-ethylated castor oil (cremophor EL) and 50% dehydrate lasma alcohol was assayed by a standard gas liquid chromatog

ethanol. Paclitaxel was diluted to a final concentration of 0.3 “E‘f Tgvg:t\t:/z(rjé :ilggti;?glt?;ir?ﬁss énﬁg?ﬁéjtsgg:édér?;?;ﬂg?'

1.2 mg mtt in 5% dextrose in water before administration over . . .
. . . o &auon of Cremophor EL, followed by extraction with chloroform
3 hours with cardiac monitoring. Premedication was performe

using dexamethasone (0.25 mgkg2 and 6 hours before infu- and ollerlva.tlzatlon. of thg released fatty acid ricinoleic acid as
sion) and dexchlorpheniramine (2.5 to 5mg according to a(\:]ecn;‘lescnbed in detail previously (Sparreboom et al, 1996a) with
| inor modifications (Van Tellingen et al, 1999).

30 minutes before infusion. No H2-blocking agent was used. The i . L
nu niuist g agent was u Correlation between observed toxicity and pharmacokinetic

starting dose of paclitaxel was 240 mghaking into account the . .
. ) . . Parameters of paclitaxel and solvents were studied.
recommended dose in adults for short-term infusion (Schiller et al,

1994) as well as the recommended dose in children for 24 hours

infusion (Hurwitz et al, 1993). Dose escalation was planned withfumour response
20% increments: second step 290 ntg/third step 350 mg/m
and fourth step 420 mgAnA minimum of 3 patients was included
at each step. There was no intra-patient dose escalation.

Response evaluation was planned after 2 courses and tumoul
response was defined as follows: complete response, complete
regression of all apparent tumour masses; partial response, >50%
decrease in the product of the greatest perpendicular diameters o
Toxicity all measurable lesions without appearance of new lesions; and
minimal response, >25% but less than 50% objective decrease in

L . . %easurable tumour without other evidence of disease progression.
to NCI-CTC and WHO definitions respectively. Toxicity was i ) S
i pectively. ety W table disease was defined as a less than 25% objective decreas

assessed after each course but dose-limiting toxicity was on |¥| - . ;
) S g .. _.IN a measurable tumour without other evidence of disease progres-
assessed after the first course. The dose-limiting toxicity criteria.

. . . .. sjon. Progressive disease was defined as a more than 25% increas
were: persistence of grade 1V neutropenia or thrombocytopenia for

more than 7 days, any grade IV non-haematological toxicity; anin any measurable tumour. Evaluation of tumour was not planned
- . " 8% fter one course but a second course was not administered in th
grade Ill neurotoxicity, any grade 1l non-haematological toxicity

except grade Ill nausea, grade Il transitory hepatotoxicity, gradgase of obvious clinical progression or severe toxicity of the first
Il fever and grade Il mucositis. If at least two or more patients at Fourse
given dose level encountered one of these criteria, the dose-limiting

toxicity (DLT) was reached and 3 additional patients were includedRESULTS
to be treated at the dose level preceding the DLT.

Clinical examination, full blood count, liver, renal and elec-
trolyte values, chest X-ray and antiepileptic drug assay, wheBetween February 1995 and November 1995, 17 patients were
applicable, were performed before each course. Haematologicaicluded in the study and 4 dosage levels were investigated (Tables
toxicity was assessed by at least 3 full blood counts per weell and 2). 14 patients received only one course because of tumour
Except in the case of clinical evidence of disease progression aftprogression or toxicity and 3 patients received 2 courses. No
one course, tumour evaluation was planned to be performed evepatients received more than 2 courses. The patient population
two courses. Patients could receive additional courses at 3-weebnsisted of 6 females and 11 males with a median age of 9 years
intervals except in the case of disease progression or stable disefsmge: 19 months—19 years). Diagnoses are described in Table 1.
after 2 consecutive courses or dose-limiting toxicity. The eligib- 11 patients were treated for primary refractory disease and 6
ility criteria for further courses were the same as for the firspatients for relapse. One to 4 chemotherapy lines were used before
course. The planned interval between two courses was 21 daygatment with paclitaxel (median = 3) (Table 1). 8 patients had
with a maximum interval of 35 days. also received previous localized radiotherapy. At the time of

Toxicity criteria were assessed after the first course, accordin

Patient population
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606 F Doz etal

Table 1 Patients characteristics adrenocortical carcinoma treated with mitotane and hormonal
substitution; her Lansky score was 100. She presented with nausea

Characteristics No of patients and headache 2 hours after starting the infusion followed by

Age, years vomiting and diarrhoea during the third hour of infusion. No rash
Median 9 or oedema was observed. 30 minutes after the end of the infusion,
Range 16-19 she developed haemodynamic failure with brief cardiac arrest. She

Sex was rapidly managed with fluid modified gelatine, adrenaline
';":rfale 1(15 and hydrocortisone hemisuccinate. Routine laboratory tests were

performed while starting resuscitation and showed profound meta-

T histol e : . ;
umour histology bolic acidosis and no hypoglycaemia. Despite active management

Rhabdomyosarcoma 7 . . . ! . . .
Ewing's sarcoma 2 in the intensive care unit, she died as a r_esult c_>f mu_ltlorgan failure
Neuroblastoma 2 syndrome 12 hours after the start of paclitaxel infusion.
Osteosarcoma 1 The other patient with dose-limiting toxicity had been included
:‘;Sﬁ:‘;g‘lzzttzm 1 for a refractory malignant glioma and had a Lansky score of 100
Malignant glioma 1 before treatment_. He _developed transitory coma few minutes after
Adrenocortical carcinoma 1 the end of the infusion at 420 mginthere was no abnormal
Kruckenberg tumour 1 movement and the patient progressively recovered a normal level
No of prior therapy regimens of consciousness within 4 hours. During the study, another patient
0-2 5 experienced a similar neurological toxicity, but only after the
3-4 12 ; ; ;
second course. This patient, included at the 350 figirel, was
Radiotherapy 6 P ’ ’

19 months old and weighed 9.8 kg. Because of his young age and
low weight, and because of the previous toxicity observed at the
420 mg/ni step, he received the first course at 2/3 of the theor-
treatment, Lansky score was 100 for 12 patients, between 60 aetical dose (equivalent to 250 m@jrand had not experienced any
80 for 5 patients with correct general status but reduced mobilitiimiting toxicity. This patient then received a second course at the
due to the tumour and 50 for one patient because of paraplegi@ll dose level and we observed transitory coma following this
Only one patient received an anti-epileptic drug (carbamazepinaecond paclitaxel infusion. In both patients with transient coma,
with a blood concentration within therapeutic range before treatroutine laboratory tests were performed. No hypoglycaemia was
ment. observed but transitory metabolic acidosis was found in both cases
(pH 7.26 and 7.23; bicarbonate 16 and 8 mmotdspectively);
transient elevation of transaminasesx(bl) for 4 days in one of
these 2 patients was also noted. Electro-encephalogram was
We observed non-haematological dose-limiting toxicity in 2performed in these 2 cases and showed no specific abnormality.
patients after the first course at 420 mgand another grade IV One grade | central nervous system toxicity was also observed
non-haematological toxicity in one patient after the second courseith transitory alteration of consciousness in one patient receiving
at 350 mg/ri The first dose-limiting toxicity was observed in a concomitant morphine dose escalation. In two patients, transitory
patient who was included in the study for a refractory metastatigrade | and Il alteration of consciousness (anxiety or hypersomnia)

Acute toxicity (Table 2)

Table 2 Neurological and allergic toxicity after paclitaxel infusion

Neurological toxicity Allergic toxicity
Patient
number Dosage (mgm —2) Acute Grade Delayed Grade Acute Grade Delayed Grade
201 290
202 290 paraesthesia | rash/pruritis |
1l 203 290 dysaesthesia mn rash/pruritis |
204 290 mild agitation | excitation | rash/pruritis |
205 290
206 290
301 350 somnolence®
llla 302 350 headache, ileus
303 350 and paraesthesia 1l
311 2502
11lb 311 350 coma v
312 350 somnolence/agitation 1l mild pruritis | rash/pruritis 1l
401 420 coma I\ dysaesthesia 1]
\Y 402 420
403 420 coma/agitation I\ anaphylactic

collapse/death IV

Toxicity was assessed according to the NCI-CTC definitions. 2Patient no. 311, step 1lIB was 19 months old and weighed 9.8 kg: he received the first course at
2/3 of the theoretical dose (equivalent to 250 mg/m?) and no limiting toxicity was observed. This patient then received a second course at the full dose level (line
in jtalics) and transitory coma was observed following this second paclitaxel infusion. Ppatient no. 301: had morphine dose escalation just before paclitaxel infusion.

British Journal of Cancer (2001) 84(5), 604-610 © 2001 Cancer Research Campaign
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were noted during the infusion. No neurological toxicity wasPharmacokinetics and correlation with toxicity
observed in the patient who received carbamazepine anticonvuyl- o . .
sive therapy. Grade | or Il nausea was observed in three Course;&é}armgcoklnetlc dat_a were available for all 17 pat_lents. The phar-
macokinetic analysis of the 19-month-old patient who was
included at the 350 mgAwose level but treated during the first
course at 2/3 of the theoretical dose (equivalent to 250 #iigfa
Delayed toxicity (Table 2) weight of 9.8 kg) was performed only during this first course: no

. - ... pharmacokinetic analysis was performed during the second course
The observed haematological toxicity was not dose limiting. / . -
} the full dose level associated with grade IV neurological

Grade IV neutropenia was observed twice at the 240 and 350 mg/ . . o .
m? dosage levels, with a duration less than 7 days, and grade xicity. Selected pharmacokinetic parameters of paclitaxel are
. ' . ; Isted in Table 3 together with the C values for ethanol and
neutropenia was observed 5 times (at 290 and 350#ngio remophor. Figure 1 illustrates rtnﬁe typical pharmacokinetic
grade IV leukopenia occurred; grade Il leukopenia occurred’ cMophor. g yp P
5 times at 240, 290 and 350 md/Mlo thrombocytopenia was profiles of paclitaxel at 290 mgAnFor each dose level, mean
encountered Fleed blood cell transfusions were necessary duration of paclitaxel plasma concentration threshold above
4 courses for 3 patients receiving 290, 350 and 420 in@/raf 61.1 MM was respectively 21, 24, 30 and 34 hours. In our study, we
' r%bserved high plasma alcohol levels after paclitaxel infusigp: C

h ients h n intra-tumour bleeding. Only on i
t ese_patle ts had an i _tatu. our bleeding. O y one patlevalues of ethanol ranged between 0.24 and 2.04 @4dble 3).
experienced documented infection wiEhterobactersepticaemia . .

urthermore, the C concentrations of cremophor in plasma after

during grade IV neutropenia (stage 4 neuroblastoma). 2 _pat'enp%cntaxd infusions ranged between 6.12 and 22.3%(gdble 3).
experienced transitory fever of unknown origin without

neutropenia at 350 mg?m We retrospectively calculated that the amount of ethanol received

Delayed hypersensitivity reactions with skin rash and pruritisby the patients over 3 hours ranged between 0.39 and 1.05 g kg

were observed 4 times at 290 and 350 Mg/fhese symptoms and the amount of cremophor ranged between 0.52 and 174 g kg

persisted for 7 to 19 days. One case of pruritis was observed pvere neurological to_xicity was observed in both patients With
hours after the end of the infusion, which then persisted for 1 e highest concentrations of ethanol and cremophor. 3 patients

. : . . th coma and somnolence in whom ethanol concentration was
days associated with skin rash (grade Il). In one patient, at the 3 . :
. . measured have 3 of the 4 highest ethanol concentrations, above
mg/n? dose, these symptoms occurred very intensively betwee

) . L .
days 10 and 15 after the infusion and required hospitalization anT 4;;?\/;& No clear correlation of the toxicity with age was

treatment with antihistaminic drugs, corticosteroids, benzodi®
azepine and morphine. Another patient presented paraesthesia and
grade Ill pruritis, but without skin rash, between day 5 and day 1 100.00
after a 420 mg/minfusion, requiring hospitalization and was
successfully treated by clonazepam, sulpiride and corticosteroics 14 oo
we interpreted these symptoms as a peripheral nervous systi=
toxicity rather than an allergic reaction. °’
No mucositis was observed. One patient experienced grade
delayed vomiting at 290 mg/nOne patient experienced trans-
itory grade Il diarrhoea, two days after the infusion at 350 thg/m  0-10
One patient also experienced transitory ileus at 350 Adiot
with concomitant increasing morphine dosage. No late renal ¢  0.01
electrolyte abnormality was observed. Elevated transaminases 000 1000 20.00 30.00 40.00 50.00 60.00 70.00 80.00

290 and 350 mg/f

1.00

Paclitaxi

weeks after the infusion were recorded 3 times at the 290, 350 a Hours
420 mg/rﬁ dosage levels tp Valljles 21013 tlmes. normal Value%igure 1 Plasma concentrations of paclitaxel in children treated with
Alopecia was observed 3 times in 3 evaluable patients. 290 mg/m? of paclitaxel as a 3-hour infusion

Table 3 Pharmacokinetics of paclitaxel in children after 3-hour infusion. Determination of C__ of the solvents, ethanol and cremophor. Means and standard deviation.

Paclitaxel data Alcool Cremophor

Dose level Cmax Clexp AUCexp T1/2elim VvV B nax i
mg/m? UM L/h/m? UMxh H L (gl (g 1-%°)
240 8.32 8.48 33.8 7.23 140.8 0.402 8.372
(2.1) (1.24) (4.8) (1.34) (31.1) (0.15) (2.05)

290 22.4 4.99 70.8 9.69 71.7 0.93 13.15
(6.5) (0.99) (15.7) (4.93) (38.6) (0.24) (2.29)

350 40.2 3.39 156.7 5.23 19.2 1.17 16.9
(17.8) (1.61) (75.7) (1.36) 9.1) (0.39) (3.9)

420 38.92 2.74 179.6 10.24 39.4 1.62 18.92
(4.9 (0.01) 0.1) (0.8) (8.3) (0.38) (3.6)

3C,,.. Under-estimated in 2 cases because infusion duration greater than 3 hours. "1 g I = 0.95 Ul mI~*
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Tumour responses transaminases was observedx(3N) but with no other hepatic

. . abnormality. Ethanol is used as a solvent for other cytotoxic drugs
Tumour response was evaluable in all patients, except for one case

because of early death. One patient treated for embryonal rha%l-JCh as etoposide or BCNU. The quantity of ethanol delivered
y - P y with etoposide in a CARBOPEC regimen (Namouni et al, 1997) is
domyosarcoma experienced a more than 50% decrease of

) §ha g kg*day'in 1 hour from D1 to D5. The quantity of ethanol
abdominal lymph node after one course at 350 gt _treat- . delivered with BCNU in a BEAM regimen (Gaspard et al, 1988) is
ment had to be stopped because of a delayed allergic reacti

) ) 0(5].39 kg! in 1 hour. At 420 mg/rhdose level, the quantity of
e e oo g ganol ebered ihpeclvel i s Sy s 1051
patient wi v Y S u ours. Lethal doses of ethanol in children are known to be around
be stopped because of a severe toxicity at the second course. F

- ) : . kg? but this is mainly reported after oral intoxication. Blood
2 other patients, we did not observe disease progression after ong g y rep

._concentrations above 3¢ lare known to be potentially lethal.
course but treatment had to be stopped because of severe toxic . N
. : : hanol assays in plasma samples collected for pharmacokinetic
Disease progression was observed in the 12 other evaluable

patients (10 after 1 course, 2 after 2 courses) analysis showed elevated blood ethanol levels compatible vyith
! ' acute reversible neurological toxicity, but not necessarily
explaining the toxic death (Moss, 1970; Sellers and Kalant, 1976;
Landers, 1983; Adinoff et al, 1988). Somnolence and coma may be
correlated partly with ethanol exposure (high,@nd duration of
The haematological toxicity was not dose limiting in this study,plasma alcohol concentrations above 0.8)g [Ethanol assays
despite high paclitaxel ¢ and prolonged time of paclitaxel have also been reported in adults treated with paclitaxel. In one
plasma levels above OLM which is usually correlated to more report (Webster et al, 1996), ethangl Gifter 175 mg/rhof pacli-
severe neutropenia (Huizing et al, 1993; Gianni et al, 1995). Thitaxel did not exceed 0.09 ¢ In 10 out of 12 patients, but reached
low haematological toxicity, associated with apparent high drugalues of 0.17 and 0.33 ¢ In 2 other patients. Wilson (Wilson et
exposure, might be due to a better haematological tolerance af, 1997) reported a case of ethanol intoxication associated with a
paclitaxel in children than in adults. However, this might also be3-hour dose of 350 mgAnpaclitaxel infusion, leading to an
due to interference between the paclitaxel and cremophor EL phagthanol concentration of 0.98g.IFinally, the role of cremophor
macokinetics: it has been recently reported that the higher plasni@ acute neurological toxicity must also be discussed, as
levels of paclitaxel do not reflect higher levels in tissues, sinceremophor has been shown in vitro to induce demyelinization and
cremophor EL increases the affinity of paclitaxel to plasmaaxonal swelling and degeneration (Windenbank et al, 1994) at
components (Van Tellingen et al, 1999). levels that are largely achieved in vivo using 3-hour paclitaxel
On the other hand, acute non-haematological toxicity was dosefusions. In any case, in view of the acute neurological toxicity
limiting and related to high C of paclitaxel, ethanol and and elevated plasma alcohol concentrations which had not been
cremophor EL. Severe acute toxicity were observed in 2 patientnticipated and were not associated with any dose-limiting haema-
after the first course given at a dose of 420 migind also in an  tological toxicity, we considered that this paclitaxel schedule was
infant who received the full dose of 350 m@/for the second definitely not recommended in children. Indeed, because of the
course. The origin of the toxic death observed at the fourth dosageispected role of solvents in this non-haematological severe toxi-
level is difficult to determine: the initial symptoms and clinical city, the study was closed without including the 2 more patients at
history are concordant with severe allergic reaction and/or acutie third dose level.
neurological toxicity, occurring in a debilitated patient dependent The other main toxicity encountered in this study was allergic.
on hydrocortisone replacement therapy. Similar toxicity was noAllergy to paclitaxel is usually thought to be due to cremophor and
observed when the same dosages were given to children over BAgenerally successfully prevented by anti-allergic premedication.
hours. However, the central nervous system toxicity of paclitaxeCremophor has been implicated as a probable cause of anaphylac-
has already been reported: seizures in children (Hurwitz et alpid reactions following administration of cremophor-containing
1993), alteration of consciousness (Webster et al, 1996; Chardyugs, such as cyclosporin or teniposide (Chapuis et al, 1985;
et al, 1998; Gliuck et al, 1998) or neurovegetative disorderslagalini et al, 1986; MacLeod et al, 1991; Theis et al, 1995; Nolte
(Vassilomanolakis et al, 1998) in adults. The mechanism of acutet al, 1998). Such a severe allergic reaction might also be involved
neurological toxicity is not completely understood. The wellin the origin of the toxic death that occurred in our study. However,
known peripheral nervous system toxicity (Hurwitz et al, 1993;given the allergic toxicity described with the analogue docetaxel
Cavaletti et al, 1995; Seidman et al, 1995; Glantz et al, 1996), al§Seibel et al, 1999), which is delivered without cremophor EL,
observed in our study, might reflect a direct axonal toxicity, thapaclitaxel itself might also be involved in these allergic reactions.
may also affect the central nervous system. However, brain penghe use of an Hblocking agent has been recommended before
tration of paclitaxel is known to be limited (Eiseman et al, 1994 paclitaxel infusion in adults (Schiller et al, 1994), but remains
Glantz et al, 1995). Nevertheless, grade IV neurological toxicitycontroversial and was not used in the previous phase | trial in
was encountered for the highest plasma concentrations and AUsbildren (Hurwitz et al, 1993).
of paclitaxel and the lowest clearances. The role of ethanol, used The pharmacokinetics of paclitaxel in 3 hour infusion showed
as paclitaxel solvent, must also be stressed in the acute neurokpecific characteristics. Clearance of paclitaxel appeared to
gical toxicity. Ethanol causes cardiovascular and central nervousecrease as the dosage increased from 240 to 420 mgdhthe
system toxicity, direct vasodilatation (Litovitz, 1986) and hypogly- maximum concentration and area under the curve increased more
caemia as well as metabolic acidosis (Ellenhorn, 1997). In owhan in proportion to the dose. As in adults (Eisenhauer et al, 1994;
study, transitory metabolic acidosis but no hypoglycaemia waSonnichsen et al, 1994a; Gianni et al, 1995; Kearns et al 1995),
observed in both patients who experienced transitory coma &hese results suggest that paclitaxel pharmacokinetics is non-linear
the end of the infusion; in one patient, a transitory increase ofthen the drug is administered as a 3-hour infusion in children.

DISCUSSION

British Journal of Cancer (2001) 84(5), 604-610 © 2001 Cancer Research Campaign
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Mean paclitaxel clearances in children (8.48 to 2.74/iirf) were ~ Chang SM, Kuhn JG, Rizzo J, Robins HI, Schold SC Jr, Spence AM, Berger MS,
within the range reported for adults after short-term administration ~Mehta MP, Bozik ME, Pollack , Gilbert M, Fulton D, Rankin C, Malec M and
S ich | 19942’ Gi . | 1995 K | 1995 Prados MD (1998) Phase | study of paclitaxel in patients with recurrent
( onnichsen et al, a; Glanni et al, ! eams. et a.l’ ) malignant glioma: a North American brain tumor consortium repdztin
but clearances tended to be lower after the 3-hour infusion (our oncol16: 21888-22194
study) compared to the 24-hour infusion value in childrenChapuis B, Helg C, Jeannet M, Zulian G, Huber P and Gumovski P (1985)
(Sonnichsen et al, 1994b). However, although it has previousl fA”aphy'a‘"'A“CDregigogtos"_‘"i“’eD“OES CVC'{‘_’SPCO”":“_:E”Q'JP Mgd312é2339 Cer A
. , . . . onfrancesco A, Deb G, De Sio L, De Laurentis C, Fidani P, Cozza R, Jenkner A,
b_een proposed that pacllta)_(el_s ”9”"near phar_maFOKmetlc beha- Castellano A and Habetswallner D (1996) Phase I-II trial of Taxol according to
viour is due to saturable distribution and_ el'mma}tlon process_es, Q4D regimen in pediatric patients with recurrent solid tumded Pediatr
recent reports strongly suggest that this non-linear behaviour Oncol27: 211 (abstr 02)
results from entrapment of paclitaxel in cremophor EL micelles irEiseman JL, Eddington ND,. Leslie J, MacAuley C, Sentz DL., Zu.howski M Kujawa
plasma (Sparreboom et al, 1996b, 1999; Van Tellingen et al, 1999). M. Young D and Egorin MJ (1994) Plasma pharmacokinetics and tissue

. o ecer distribution of paclitaxel in C[F, mice.Cancer Chemother Pharmacg#
This effect makes it difficult to use the clearance as parameter for ,zc 471
drug exposure, as the actual exposure to ‘free’ paclitaxel depenggenhauer EA, ten Bokkel Huinink WW, Swenerton KD, Gianni L, Myles J, van
on the plasma level of cremophor EL. The pharmacokinetics of  deBurg MEL, Kerr I, Vermorken JB, Buser K, Colombo N, Bacon M,
cremophor EL itself was 0n|y studied in adults (Rischin et al, Santabarbara P, Onetto N, Winograd B and Canetta R (1994) European-

. . . Canadian randomized trial of paclitaxel in relapsed ovarian cancer:
1996; SparrEboom et al, 1999; van Te“mgen etal, 1999)' These high-dose versus low-dose and long versus short infu$icfin Oncol12:

studies have shown that the Cof cremophor EL increases 2654-2666

linearly with the dose administered. At the highest dose levetilenhorn M (1997) Alcohols and glycols. Iktedical toxicology2nd edn,

tested in adults (Sparreboom et al, 1999) of 225 hdha (;nax of Ellenhorn (ed) pp. 1_127—1147. William and WiIkins:_ Baltimore . _

cremophor EL was 6.58 + O.E[H mi-t (i.e. 6.94 055 mg I’Tﬂ), Gaspard MH, Mgranlnchl D, $toppa AM, Gastagt JA, Michel G, Tqblana N, Blaise
. . . . . D, Novakovitch G, Rossi JF, Weiller PJ, Sainty D, Horchowski N and

which is comparable to the levels found in our StUdy in children Carcassone Y (1988) Intensive chemotherapy with high doses of BCNU,

receiving the lowest dose of 240 m@/nfrurther increments in Etoposide, Cytosine Arabinoside and Melphalan (BEAM) followed by

the dose given to children resulted in a linear increase in the autologous bone marrow transplantation: toxicity and antitumor activity in 26

cremophor EL an levels. Consequently, themgglevel of cremo- patients with poor-risk malignancigdancer Chemother Pharmac22:

. . 256-262
phor EL at the highest dose (420 m@/ms more than 2-fold Gianni L, Kearns CM, Giani A, Capri G, Vigano L, Lacatelli A, Bonadonna G and

higher than in adults receiving conventional doses of paclitaxel,  ggorin M3 (1995) Nonlinear pharmacokinetics and metabolism of paclitaxel

which might explain the apparent non-linearity of paclitaxel’s  and its pharmacokinetic/pharmacodynamic relationships in humatiim

clearance and the low haematological toxicity. Oncol13: 180-190 ' _ .
Regarding anti-tumour activity, the only tumour response in thig>!anz M3 Choy H, Keamns CM, Mills PC, Wahiberg LU, Zuhowski EG, Calabresi

. . . P and Egorin MJ (1995) Paclitaxel disposition in plasma and central nervous

study was obtained in one patient treated for recurrent rhab- system of humans and rats with brain tumarsatl Cancer Ins87-

domyosarcoma. It might be interesting to investigate other pacli- 1077-1081

taxel schedules in this diagnosis (Hurwitz et al, 1993). Glantz MJ, Choy H, Kearns CM, Cole BF, Mills P, Zuhowski EG, Saris S, Rhodes
In conclusion, dose-limiting toxicity of this modality of pacli- CH, Stopa E and Egorin MJ (1996) Phase | study of weekly outpatient

210t HOSEITIT . . . Paclitaxel ial irradiation in adults with '
taxel administration in children, is neurological and, possibly, oiigfale G%rgj_gggcu”emcran'a irradiation in adults with astrocytah@n

?-“ergic- The combination Of paC“t_axel- ethanol and cremophor ElGluck S, Germond C, Lopez P, Cano P, Dorreen M, Koski T, Arnold A, Dulude H
is responsible for neurotoxicity; since all components may play a and Gallant G (1998) A phase | trial of high-dose paclitaxel, cyclophosphamide
role, it does not seem appropriate to relate toxicity to specifically ~ and mitoxantrone with autologous blood stem cell support for the treatment of
one component. Paclitaxel administration as a 3-hour infusion _Metastatic breast cancur J Cance34 1008-1014 N

3 ks is definitel ded i hild Sh Huizing MT, Keung AC, Rosing H, van der Kuij V, ten Bokkel Huinink WW,
every. Wee S Is definitely not reco.n?men. €d in children. ort- Mandjes IM, Dubbelman AC, Pinedo HM and Beijnen JH (1993)
term infusions may be used for administration at lower doses, such  pharmacokinetics of paclitaxel and metabolites in a randomized comparative
as weekly (Glantz et al, 1996) or fractionated daily doses (Don  study in platinum-pretreated ovarian cancer patign@in Oncol11:
Francesco et al, 1996). In addition, plasma alcohol levels should 2127-2135

. . . . . Hurwitz CA, Relling MV, Weitman SD, Ravindranath Y, Vietti TJ, Strother DR,
be monitored in children receiving paclitaxel at any dose level. Ragab AH and Pratt CB (1993) Phase | trial of Paclitaxel in children with

refractory solid tumors: a pediatric oncology group stddylin Oncoll1l:
2324-2329
Kearns CM, Gianni L and Egorin MJ (1995). Paclitaxel pharmacokinetics and
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Squibb (Paris la Défense), for helping in the design of the studyansky SB, List MA, Lansky LL, Ritter-Sterr C and Miller DR (1987) The
providing the drug, supporting data collection and pharmaco- measurement of performance in childhood cancer pati@atzer60:
kinetic analysis; Pr Philippe Hubert regarding information about ~ 1651-1656
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