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Abstract A group of 18 patients with advanced canceKey words Hydroxyurea- Pharmacokinetics Toxicity -

were entered on a phase | study of a 120-h continuodsman- Drug therapy

intravenous infusion of hydroxyurea. The dose of hydroxy-

urea was escalated in cohorts of patients from 1 to 2 to 3.2Afbreviations ANC absolute neutrophil count

m2 per day. The primary dose-limiting toxicity was neuClcr creatinine clearanceCLn nonreal clearance

tropenia, often accompanied by leukopenia, thrombocytBt, plasma clearance CL: renal clearance

penia and generalized skin rash. Prophylactic treatment@f plasma concentrationCss Steady state concentration

patients with dexamethasone and diphenhydramine hyd@F computerized tomogramDHFR dihydrofolate

chloride prevented the skin rash, but not the hematopoietéductase 1V intravenous ty2 half-life.

toxicities. The pharmacokinetics of hydroxyurea were stud-

ied in all patients. The steady-state concentrations of

hydroxyurea were linearly correlated with the dose

(R=0.71,n=18,P<0.0001). The meah SE concentra- Introduction

tions were 93:16, 230+ 6 and 302t27 uM at 1, 2 and

3.2 g/n? per day, respectively. The me&rSE renal and Hydroxyurea is an S-phase selective inhibitor of ribonu-

nonrenal clearances of hydroxyurea were 2:D418 and cleotide reductase. Its mechanism of action, activity in

3.3910.28 I’h per m (n = 16), neither of which correlated preclinical studies, and clinical use have been reviewed

with the dose. The concentration of hydroxyurea in plasniy Moore and Hurlbert [11]. Although most often used to

decayed monoexponentially with a meaSE half-life of treat chronic myelogenous leukemia, hydroxyurea has been

3.25+0.18 h f = 17). The steady-state concentration afsed experimentally to treat other malignancies and a few

hydroxyurea was>200 puM in all nine patients treated atnonmalignant disorders. It has been used both as a single

2 g/me per day, a dose which was well tolerated for 5 dayagent and in combination with several other antineoplastic

We recommend this dose for phase Il trials in combinatiairugs. Because hydroxyurea inhibits tthe novosynthesis

with other antineoplastic agents. of deoxynucleoside diphosphates, rational combinations

have included hydroxyurea with antimetabolites which

compete with deoxynucleotides at their sites of action.

iUpp?rted by NIH Gre;nths CA625?5 ét\]nd %A33572-, | Examples of the latter include 5-fluorouracil [12, 13],

e BT e s 1 Ve prevoush resented g.o-arabinofuranosylcytosine [8, 15), and mre recently
dideoxynucleosides [2, 7, 9]. Hydroxyurea also inhibits
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between 50 and 20QM accelerates the loss of the extrasount, platelet count, and blood chemistries were repeated weekly; the
chromosomally amplified elements, but requires multipBECY 2 BYEnT BRTCR T S age S T o eath neatment
cell doublings (several days) to rgduce the, copy number le. (Measurements necessitating a CT were required only every two
50% [4, 19]. The number of doublings required decreasesgsies unless there were signs or symptoms of progression.) Labora-
the concentration of hydroxyurea increases [19]. Likeery and clinical assessments were carried out more frequently if
wise, hydroxyurea accelerates the loss of extrachromosdiiically warranted. Laboratory values exhibiting clinically significant

e _ ; ; ot ; hanges were repeated until they returned to normal, returned to
ally amplified c-myc and induces differentiation in HLSCFpretreatment values or stabilized. Toxicities were graded using the

cells[5]. o Common Toxicity Scale of the National Cancer Institute.
The toxicity and pharmacokinetics of hydroxyurea ad-
ministered by both frequent oral administration (every 4 h

for 18 doses) and continuous intravenous (IV) infusion féitudy design and treatment plan

72 h have bgen dgscribed [1]. Th? peak concentration gfdroxyurea was administered by continuous IV infusion over 120 h.
hydroxyurea in patients treated with the same oral doBetients were admitted to the hospital for treatment cycles, which were

varies by two- to threefold; the time to the peak concentrigpeated every 21 days. The initial dose of hydroxyurea was 2 gg#m

; : i ay. The dose was escalated in cohorts of patients following a modified
tion varies by as much as fourfold. Administered bﬂ.bonacci pattern to 2 g/tnper day and then to 3.2 gper day.

continuous 1V infusion at the maximum tolerated rate Qfscalation of the dose of hydroxyurea for a given patient was not
3.0 mg/nz per min (4.32 g/rA per day) for 72 h, a steady-allowed. Patients who experienced a grade 4 nonhematologic toxicity
state level of 1 W hydroxyurea is obtained within 24 h.were removed from protocol therapy. Patients who experienced a grade

i i i ; 3 nonhematologic toxicity were retreated at a dosage reduction of one
;—r}le poztlnfusm_r:j;tz IS ap%roxya’;tekliyhfl f:].dln alswdy Of_level. Escalation of the dose of hydroxyurea for cohorts of patients was
-lluorodeoxyuridine combined wi IgN-dos€ [eUCOVOIf,seq on the toxicities in the first cycle of treatment. A minimum of

and oral hydroxyurea, we have found mucositis and diafree patients were entered at each dose level. If no grade 3 or 4
rhea to be the dose-limiting toxicities [14]. Preliminaryoxicity was observed in the three patients, the dose was escalated one
pharmacokinetic data from three patients on that stuogé:'- Ifa Sigg'e F;]a“em hag gra‘?e 3It8XifCity' threel a.ddi“‘%?]a' patients

i . ._were treated at the same dose level before escalation. The maximum
indicate a twofold rang(_e in the peak p_lasma (_:Oncemratl rated dose was defined as the dose at which two patients had grade
of hydroxyurea (unpublished data). It is possible, howeveyor one patient had grade 4 toxicity. At least six patients were treated

that the gastrointestinal toxicity of the chemotherapy regt one dose level below the maximum tolerated dose. When general-

imen contributed to the variability in hydroxyurea bioavailized Sgiférf\Shdwa,S.etncountleaed at 3t-ﬁ Yrer d(f;_y, th;? prgtté,COA W?usd

o - - - : mended to administer oral dexamethasone (2 mg) and diphenhydra-
ablllty.‘ This poterjt|al for Vanab.le. abs_orptlon led us t ine hydrochloride (25 mg) before the start of the hydroxyurea
examine the continuous IV administration of hydroxyuregusion and every 6 h until the patient was discharged. A cohort of
for 120 h, a schedule which could be combined with dailjix patients were treated at the prior dose level (22gdet day) before

administration of a fluoropyrimidine for 5 days. Theattempting to re-escalate the dose of hydroxyurea.
lengthened time of exposure to hydroxyurea might also
be more appropriate to reduce the copy number of extia, .ation of toxicity and efficacy

chromosomally amplified genes.

All patients completed at least one cycle of protocol therapy and were

evaluable for toxicity. Efficacy was determined in patients with

bidimensionally measurable lesions. Complete response was defined

Materials and methods as the disappearance of all objective evidence of disease on two

separate measurements at least 4 weeks apart. Partial response was

. R defined as a decrease &f50% in the sum of the products of the

Patient eligibility diameters of the measurable lesion(s), without evidence of new lesions

All patients entered on this study had histologically proven cancfeorrmt\gocﬁgenrisae ng\:: i‘;ﬁ'(‘,‘a&?,gf‘hz‘fpgﬂatﬁf ;)ry rﬁbllt?ait IAésvivc?r?sks\}veTrge
which was metastatic or locally unmanageable by conventional thaf! luated. Di . d gf d P 2855k
apy, a Karnofsky performance status of 60% or better, and an estimated, atcd- DIS€ase progression was defined as an incre

survival of at least 8 weeks. They also had adequate bone marfgw/Ne aréa of the measurable lesion(s) over the size at maximum
function (hemoglobin =10 gi/dl ANC =3000f1, platelet count regression or the appearance of new lesions. Disease not meeting these

=150000(1), hepatic function (total bilirubin<1.6 mg/di, serum criteria for response or progression was considered stable. All patient
transaminas’es less than four times the upper limit of r’10rmal) af aluations were performed by at least one member of the Department

renal function (serum creatinine1.6 mg/dl or Cler =50 ml/min). No of Biostatistics and one of the authors.
restrictions were placed on prior radiotherapy or chemotherapy if

completed at least 4 weeks before study entry. Pregnant women ng e N

excluded. An exception to the standard entry criteria was granted Jgarmacokmetlcs

one patient whose hemoglobin at study entry was 9.3 g/dI. All patiensgsna samples were obtained daily during the infusion, with the first

were over 18 years of age and signed informed consent in accord Wiy yje gbtained at least 12 h after the beginning of the infusion. After
federal, state, and local guidelines. the end of the infusion, plasma was obtained every 2 h for 12 h. Urine

was collected during a 24-h period, beginning and ending at the time of
Pretreatment and safety evaluations the daily plasma sampling.s€values were estimated as the means of

samples from each patient obtained during the infusion. Clearances
Before initiation of chemotherapy, all patients underwent a completeere calculated in individual patients at steady state using the follow-
history and physical examination. Laboratory studies included irg equations: Cp.= dose rate/¢; CLr = amount excreted/(Cx 24 h);
complete blood count, a platelet count, an 18-function blood chemist®y.nr = CLp —CL.. Clearances were normalized based on each patient’s
profile and Mg+ level, a urinalysis and an electrocardiogram. A chedtody surface area. The: half-life of hydroxyurea in each patient was
radiograph, a bone scan or a liver CT were obtained only if clinicallystimated by a least-squares fit of the postinfusignt@€ a single
indicated or required for measurement of a lesion. The complete bloexponential decay.




256

Table 1 Patient characteristics Table 2 Toxicity of first cycle of hydroxyurea
Characteristic No. of patients Hydroxyurea dose (gm/#fday)x5 days
Patients entered 18 With dexamethasone

Age (years) and diphenhydramine

M 58
Range 2868 Toxicty ~ Grade 10 20 32 20 32
Gender ANC/n
Men 8 <05 4 0 0 2 0 2
Karnofsky performance status WBC/nl
60% 1 1.0-1.9 3 0 0 1 0 0
70% 2 <1.0 4 0 0 1 0 1
8822 g Platelets/nl
100% 5 25.0-499 3 0 0 0 0 1
ior th Skin rash
Prg’lzr;:rr;‘py 12 Generalizeq 3 0 0 2 0 0
Radiotherapy 9 symptomatic
Chemotherapy 15
No. of prior regimens Toxicity
0 3
% 2 All toxicities for which there was at least one drug-related
=3 4 occurrence graded 3 or higher are listed in Table 2. No

toxicities of more than grade 2 were observed at doses of 1
or 2 g/n? per day. A dose of 3.2 g/nper day of
hydroxyurea, without dexamethasone and diphenhydramine
hydrochloride, produced grade 4 neutropenia in two pa-
Hydroxyurea was assayed by the colorimetric method of Fabricius afiints and grade 3 in one patient. In the two patients with
Rajewsky [6]. However, plasma samples were diluted only 1:2 W%&de 4 neutropenia, the ANCs werg5004u for 6 and 12

water prior to perchloric acid deproteination and required less sodi !
hydroxide to adjust the pH to between 6.9 and 7.3 than was reported ##yS- The nadirs occurred 8 and 10 days from the start of

samples diluted 1:10. (The pH is critical for stable color developmetfierapy. The grade 4 neutropenia was accompanied by
in the assay.) Urine samples were diluted 1:100 with water prior to tggade 3 or 4 leukopenia and grade 3 generalized skin

Analytical methods

addition of perchloric acid. rash. The grade 3 neutropenia was accompanied by grade
o 2 leukopenia and grade 2 skin rash.
Statistical methods Treatment with dexamethasone and diphenhydramine

Unless otherwise indicated, data are presented as me&fs Corre- Nydrochloride protected against the skin rash, but not the
lations between pairs of variables were determined by linear regr&&matopoietic toxicity of 3.2 g/fper day of hydroxyurea.
sions. The means of parameter values were compared by independgmd of three patients at this dose experienced grade 4

t-tests. Significance was tested at the 0.05 level using tWO-SidﬁgUtrOpenia. The ANCs were: 50041l for 6 and 7 days.
P-values. The nadirs occurred 10 and 15 days from the start of
therapy. In one patient, neutropenia was accompanied by
grade 4 leukopenia and grade 3 thrombocytopenia and in
Results the other patient, by grade 2 leukopenia.

Patient characteristics

Extent of treatment and response to therapy
Of 18 patients entered on this study, there were 6 with
colorectal cancer (33%), 4 with lung cancer (22%), andThe number of cycles administered to each cohort of
each with primary disease at eight other sites. The dempatients is listed in Table 3. All of the patients treated
graphic features of the patients are shown in Table 1. Of tith 2 g/m? per day of hydroxyurea, with or without
18 patients, 12 had prior surgical resections, 9 had pridexamethasone and diphenhydramine hydrochloride, re-
radiotherapy, 3 had no prior chemotherapy (1 with hepateeived multiple cycles of therapy on protocol without
cellular carcinoma, 1 with adenocarcinoma of the pancrea®se reductions. Four patients received two cycles, 1
and 1 with adenocarcinoma of unknown primary origin), three cycles, 2 four cycles, 1 five cycles and 1 six cycles.
had received only adjuvant chemotherapy, 2 had receivedOne patient treated with 3.2 gfnper day of hydroxy-
chemotherapy only for their primary disease, and 12 hadea without dexamethasone and diphenhydramine hydro-
received one or more courses of chemotherapy for metdloride withdrew from the study after a single cycle of
static disease (4 of whom had also received adjuvasttemotherapy and was not evaluable for response. There
chemotherapy). were no objective responses in the 17 evaluable patients.
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Table 3 Number of cycles of hydroxyurea administered 500
Hydroxyurea dose (gm/#fday)x5 days
o 400 | .
With dexamethasone g
and diphenhydramine g 300 ¢
Total 1.0 20 32 20 3.2 > 200
Patients 18 3 3 3 6 3 =
Cycles 52 7 10 6 20 9 100

O L L L 1 s
0.5 1.0 1.5 2.0 25 3.0 3.5

2
. . Dose rate m /da
Pharmacokinetics g/m’/day

L . Fig. 1 Steady-state plasma concentrations of hydroxyurea as a func-
The pharmacokinetic parameters are summarized by d@se of the dose rate. Theolid symbolgepresent data from patients
in Table 4. The G values of hydroxyurea were linearlywho did not receive dexamethasone and diphenhydramine hydrochlor-
correlated with the dose (Fig. R = 071, n = 18, ide and_ the_ope_n symbolsdata from patients0 who (_1id. The_ linear
P<0.0001). As expected from the linear relationship péegression line is shown together with the 95% confidence interval
tween the dose and the{the CL;, the CLyr and the 12 did
not correlate with the dose. The means of the dose-inde-
pendent pharmacokinetic parameters were not significantly
different with and without coadministration of dexametha-
sone and diphenhydramine hydrochloride. Figure 2 illus-
trates the combined postinfusion data for all patients who
received 2 g/rper day of hydroxyurea. The data with and
without dexamethasone and diphenhydramine hydrochlor-
ide are shown by open and closed symbols, respectively. A
regression line for the logarithmic fit to the combined data
is included for illustration although the meamtvalues in
Table 4 were obtained by fitting the data individually for
each patient and subsequently averaging the results.

—
(@}
N

uM Hydroxyurea

0 2 4 6 8 10 12 14
Hours after infusion

Fig. 2 Plasma concentrations of hydroxyurea as a function of time
after a 120-h infusion at 2 g/wper day. The symbols are as in Fig. 1.
The logarithmic regression line for the combined data is shown

Discussion

Neutropenia was the dose-limiting toxicity of hydroxyure#/ infusions of hydroxyurea lasting between 1 and 12
administered by 120-h continuous IV infusion. This iseeks [3] indicate that myelosuppression increases with
consistent with the reported toxicity of a 72-h infusiomcreasing duration of administration. Therefore, only lower
[1]. Although myelosuppression was grade 4 by the Ngose rates were tolerated at the longer durations.

tional Cancer Institute common toxicity criterion of an EXxtensive dermatologic reactions were observed in this
ANC nadir <5004, it resolved quickly within 6 to 12 study when dexamethasone and diphenhydramine hydro-
days. Belt et al. [1] have hypothesized that the duration efloride were not administered prophylactically. This is a
infusion might be extended beyond 72 h without increasifgss-common side effect of hydroxyurea, but has been
significantly the degree of myelosuppression. Howevdgeported with long-term daily hydroxyurea therapy [10].
both our data and previously reported data for continuoli§e high frequency of generalized symptomatic skin rash

Table 4 Pharmacokinetic parameters. Values are meanSE with the number of observations in parentheses

Hydroxyurea dose Css CLp CLs ClLnr t¥2

(g/me/day) (uM) (/h/m2) (I/h/m2) (/h/m2) (h)

1.0 93+ 16 6.311.2 2.7+0.1 3.61£1.3 2.810.2
©) 3 3 ©) (3

2.0 230+ 6 4.8+0.1 1.8+0.2 3.0£0.2 3.210.2
C) @ 9 @ 9

3.2 302+ 27 6.0+0.5 2.6+0.4 4.0+0.4 3.7+04
(6) (6) 4 4 ®)

All 55+0.3 2.1+0.2 3.410.3 3.310.2

(18) (16) (16) 1n
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appears to be unique to the 120-h schedule because it lagBiron F, Lucht F, Peyramond D, Fresard A, Vallet T, Nugier F,

not been noted at higher dose rates for shorter durations [1,

16] nor at lower dose rates for longer durations [3].
However, stomatitis has been reported to be a “surprising”
dose-limiting side effect of long-term continuous IV infu- 3.
sions of hydroxyurea [3].

New potential therapeutic uses for hydroxyurea have
generated a renewed interest in its pharmacokinetics fol-
lowing administration in a variety of schedules. In additior.
to the study of 120-h continuous IV infusion reported here,
recent reports have described the pharmacokinetics 9
hydroxyurea administered by long-term 1V infusion (1 to
12 weeks) [3] and by high-dose continuous IV infusions (24
to 72 h) [16, 18]. Our results were consistent with linear
pharmacokinetics over the dosage range studied (1 to 3.2%
m?2 per day). Nonlinear pharmacokinetics have been re;
ported for hydroxyurea over a range of dose rates from 2 to
14.4 g/m per day [18]. Because higher dose rates of
hydroxyurea are not tolerated for 120 h, thg v@lues do
not appear to be high enough for saturation of the metabolf
component of the proposed nonlinear model to be evident.
The Gsvalue at a dose rate of 3.2 ¢Ziper day was 30pM 9.
in this study, whereas the reportedsKor the nonlinear
model is 323uM [18].

The dose rate and duration of hydroxyurea to be used,ig
future clinical trials will depend on several factors. The
duration in protocols using hydroxyurea to modulate the
activity of other agents will depend on the schedule of
administration of the agents with which hydroxyurea i
combined. The duration in protocols intended to induce the
loss of extrachromosomal elements will need to be care-
fully considered. Although 20QM hydroxyurea produces a
more rapid loss of such elements than doesSDin vitro,
50 uM is sufficient to induce the loss over time [19], and
plasma levels of approximately 5Q0M can be safely
maintained indefinitely [3]. When used to reverse resistant@
to other drugs, the toxicity of the hydroxyurea must be
balanced against the delay in administering the other dryg.
When the loss of the extrachromosomal element is hy-
pothesized to be of direct therapeutic benefit (see, for
example, reference 5), then the toxicity must be balanced
against the growth rate of the tumor. The infusion duratiop
of 120 h used in this study was chosen principally to
facilitate the development of future protocols combining
continuous-infusion hydroxyurea with a fluoropyrimidine
administered daily for 5 days. The dose rate of 2 Jjrar
day was well tolerated for 5 days and resulted insadf
hydroxyurea>200 pM in all nine patients treated. This17.
dose would be appropriate in phase Il trials either for
biochemical modulation of other antineoplastic agents
to diminish drug resistance mediated by extrachromoso-
mally amplified genetic material within a few cell genera-
tions. 19.
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