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Summary. The in vitro chemosensi t ivi ty of  a human lung 
cancer  cell line to hydroxyurea  (HU) was measured,  and 
concentrat ions  of  1 m M  HU effected 99% inhibi t ion of  cell 
growth. Therefore,  infusions designed to achieve serum lev- 
els of  over 1 m M  HU were assessed by escalat ing doses of  
hydroxyurea  (HU) adminis tered  by cont inuous i.v. infu- 
sion at 3-weekly intervals in 18 patients with lung cancer. 
Dose increments from 24 g in 24 h to 48 g in 48 h were 
achieved. The dose-l imit ing toxici ty at 48 g in 48 h was 
myelosuppression.  Oral  adminis t ra t ion  of  HU did not  re- 
sult in sustained levels comparab le  to those achieved with 
cont inuous infusion. Two patients showed evidence of  ra- 
diological  response after three courses of  treatment.  Serum 
H U  profiles were moni tored  after adminis t ra t ion  i.v. in 26 
courses and after adminis t ra t ion  p.o.  in 5 courses of  treat- 
ment. A mean serum level of  > 1 m M  was achieved by 6 h 
and then main ta ined  during treatment.  The s tandard  error  
of  the mean area under  the curve showed an overall  5% 
variat ion.  H U  can be given in doses up to 48 g in 48 h 
3-weekly with manageable  tissue and bone marrow toxici- 
ty, and  the in vivo b lood  levels a t ta ined are equal to those 
necessary for effective cell inhibi t ion in an appropr ia t e  in 
vitro model.  This schedule provides  a basis for combina-  
t ion studies with other cytotoxics or  for use of  HU as a 
D N A  repair  inhibitor.  

Introduction 

Hydroxyurea  is a structural analogue of  urea,  which has 
been in clinical use as a cytotoxic agent for the past  20 
years [6, 12]. It has been used pr incipal ly  to treat chronic 
myelo id  leukaemia  [11], but  has also been evaluated in a 
variety of  other cancers [1, 10]. 

A phase II  s tudy of  HU in lung cancer demons t ra ted  
min imal  ant i tumour  activity [14]. Creasy et al. [4] used HU 
in doses up to 100 mg per  kg per  day  and found that serum 
levels were of  the order  necessary to inhibit  thymidine  in- 
corpora t ion  into D N A  in sensitive human leukaemia  cells. 

H U  acts as an S-phase cell-cycle-specific agent [26] 
which selectively inhibits D N A  synthesis by inhibi t ion of  
r ibonucleot ide  reductase [27]. This is a key enzyme in the 
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pa thway of  D N A  synthesis [21]. As HU is a cell-cycle-spe- 
cific agent, its most effective use should be in cont inuous 
exposure of  tumour  cells to the drug [19]. The average cell 
generat ion time for a variety of  solid tumours  is 50 -60  h 
[81. 

This pr imary  action of  H U  leads to secondary  effects, 
such as impai rment  of  D N A  repl icat ion and inhibi t ion of  
s t rand break repair  by deplet ion of  deoxyr ibonucleot ide  
pools  [24]. Thus, HU has been used in vitro as a D N A  re- 
pa i r  inhibitor,  but  the usual concentrat ions  have been 
1 -10  raM. Addi t ional ly ,  HU has direct effects on D N A ,  
leading to f ragmenta t ion of  metaphase  chromosomes  [16]. 

I f  hydroxyurea  could be given as a stustained infusion 
in adequate  doses to inhibit  D N A  repair  it might poten-  
t iate agents causing D N A  damage,  as has been shown in 
vitro. Earlier  phase I and II  trials of  HU did not  achieve 
' levels required for this effect. 

We have used H U  in pat ients  with lung cancer to 
assess the effect of  increasing doses given by continuous 
infusion. We assessed the clinical  and  toxic effects of  esca- 
lating doses to determine whether we could achieve levels 
in the serum similar to the levels required to inhibit  a lung 
cancer  cell line in culture. 

Patients and methods 

Eighteen patients with lung cancer (Table 1) and aged 
4 9 - 7 9  years (median 65) were given HU as sole therapy,  
either by cont inuous i.v. infusion or as 6-g oral doses 
6-hourly. Only one pat ient  had had previous chemother-  
apy. The i.v. solution of  HU was consti tuted on the day  of  
use with 8 g HU dissolved in 1 1 dextrose saline (0.5% solu- 
tion). A total of  45 courses of  H U  were given (for details 
see Table 2). Patients received 24 g in 24 h or 36 g in 36 h 
as a first dose, and for some patients  the dose was then es- 
cala ted to 48 g over 48 h. Courses were repeated every 3 
weeks. 

Haemoglobin ,  white cell count and platelet  est imations 
were assessed weekly, and serum urea, electrolytes and liv- 
er function tests at each visit. Creat inine clearance was 
measured pr ior  to each course of  therapy,  and b lood  sam- 
ples were taken during the infusion and immedia te ly  spun 
at 3000 rpm, then frozen at - 4 ° C  for later est imation of  
HU levels. 

Assay method. Levels of  H U  were assayed using a modi-  
fied color imetr ic  assay descr ibed by Fabr ic ius  and Rajews- 
ky [7]. HU was oxidised by iodine  and nitrite was formed,  
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Table 1. Patient characteristics 

Sex 

Male 14 
Female 4 
Age 49- 79 years (mean 60.4 years) 
Creatinine clearance 83 ( + 22) ml/min 
Squamous carcinoma 6 
Adenocarcinoma 5 
Large cell carcinoma 5 
Papillary carcinoma 1 
Small cell carcinoma 1 

Previous chemotherapy 1 (small cell) 
Previous radiotherapy 1 
Previous surgery 6 (5 inoperable, 

1 debulking 
surgery) 

Table 2. Dosage regimens of hydroxyurea 

Dose Patients No. given No. given Total 
p.o. i.v. 

24 g 2 1 6 7 
32g 1 0 1 1 
36 g 16 8 20 28 
48 g 5 0 9 9 

24 9 36 45 

Four patients each received one course; eight patients, two 
courses; three patients, three courses; two patients, five courses, 
and one patient, six courses 

which diazotised sulphanil ic  acid. After reduct ion of  
excess iodine with sodium thiosulphate,  the diazotised sul- 
phani l ic  acid was coupled with N-(1-napthyl)-ethylene-di-  
amine d ihydrochlor ide  to give a red colour product .  Col- 
our intensity was measured in an absorpt ion  spectropho- 
tometer  at 540 nm and compared  with b lank and s tandard  
solutions. The limit of  detection of  HU by this method was 
1 ~tg/ml. The coefficient of  var ia t ion was 8%. 

Cell culture experiments. A549 lung carc inoma cells [9] 
were grown as a monolayer  culture and were mainta ined  
in RPMI  1640 medium supplemented with 10% fetal bo- 
vine serum in a humidif ied  5% CO2/95% air a tmosphere at 
37 ° C. Cells of  passage 204 were seeded in replicate six- 
well plates at 20000 cells per  35-mm diameter  well in 2 ml 
drug-free medium. After  24 h, this medium was replaced 
by graded concentrat ions of  HU,  or by fresh drug-free me- 
dium as internal  control.  The number  of  cells per  well was 
determined after a further 72 h by means of  a Coulter  
counter.  The results were calculated by a graph of  growth 
inhibi t ion per  concentra t ion of  HU versus percentage of  
control  growth without the drug. 

Results 

Cell culture (Fig. 1) 

At concentrat ion levels of  1 m M  HU, cell cultures of  A549 
cell lines showed 99% inhibi t ion of  growth. Thus, based on 
previous infusion data,  we designed an infusion regimen 
to achieve a sustained HU level of  > 1 mM. 
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Fig. 1. Dose-response curve of A549 lung carcinoma cell lines for 
hydroxyurea EDse = 180 IxM HU 

Clinical results 

Eighteen patients had 45 courses of  HU, of  which 9 were 
given p.o. and 36 i.v. Therapy was s topped after 1 course 
of  HU in four patients,  because of  disease progression in 
three cases and death due to myocard ia l  infarct ion in the 
fourth. 

After three courses, two pat ients  had an objective re- 
sponse and one other pat ient  had  subjective improvement  
with no change in extent of  disease apparent  on chest X- 
ray. One of  these three patients went on to have six courses 
of  HU and the other two patients had five courses. 

Toxicity. Dose-l imit ing toxicity appeared  at 48 g in 48 h 
with the development  of  grade 3 (WHO) leucopenia  [25] in 
one pat ient  who developed sept icaemia but recovered. 
There were two episodes of  grade 2 toxicity at 36 g and 
one of  grade 1 toxicity at this dose. No other myelosup-  
pression was encountered.  Patients developed nausea and 
vomit ing at 36 g, which was responsive to s tandard  an- 
t iemetic drugs. Two patients developed grade 2 (WHO) 
alopecia  at 48 g in 48 h. 

Other toxicities encountered at HU doses of  48 g in- 
c luded mucositis in two patients,  one of  whom had super- 
imposed oral candidiasis.  Two patients had excess sweat- 
ing during therapy.  There was no biochemical  evidence of  
hepat ic  or renal toxicity at the doses given. 

Pharmacokinetics. Serum HU profiles were moni tored  in 
26 courses of  i.v. and 5 of  p.o.  treatment.  With i.v. ther- 
apy,  a serum level of  > 1 m M was achieved by 6 h of  infu- 
sion and mainta ined  throughout  the infusion (Fig. 2). The 
levels achieved were reproducible  with different  infusions 
(Fig. 3). With oral HU, there were fluctuations in H U  lev- 
els throughout  the course of  t reatment  (Fig. 4). 

The area under  the curve was calculated for each pro-  
file by use of  a graphics tablet  program on an Apple  I Ie  
computer .  The area under  the curve showed little var ia t ion 
between patients and was not  related to creatinine clear- 
ance. 
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Fig. 2. Mean (SEM) plasma hydroxyurea levels achieved with 
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Fig. 3. Plasma HU concentrations with different infusions in one 
patient 

Discussion 

We have shown that HU can be given in higher doses than 
have previously been given, with manageable toxicity. HU 
has usually been given orally [6] but as it is a cell-cycle-spe- 
cific agent [18], it is more rational to give the drug as a 
continuous infusion. Belt et al. [2] gave HU as an infusion 
of  approximately 26 g in 72 h and achieved levels in the 
range of  0.9-1.4 raM. We have shown that sustained levels 
of  1 mM are required for 99% inhibition of  A549 lung can- 
cer cell growth in culture, and we have been able to main- 
tain that level in patients for up to 42 h without marrow 
toxicity. We achieved a mean serum HU level of  1.73 mM 
(0.58-2.47 raM) after 24 h of  infusion, which is higher 
than that of  Belt et al. [2]. 

When given p.o., the dose-limiting toxicity has been 
bone marrow depression, with leucopaenia predominating 
[22]. All patients developed leucopaenia at 80 mg per kg 
per day in 14 days, and 70% did so at 40 mg per kg per day 
for 14 days [22]. Belt et al. [2] found that myelosuppression 
correlated well with ~lasma HU levels, all patients having 
myelosuppression at levels over 1 raM. Our patient who 
developed myelosuppression had levels up to 2 raM, but 
these levels were not excessively high compared with those 
in others of  our patients. Myelosuppression is related to 
duration of  exposure to HU as well as dose; it develops af- 
ter continuous low-dose oral therapy and with i.v. infusion 
lasting up to 72 h [2]. 

Patients developed nausea and vomiting at the dose of  
36 g in 36 h but this was controlled by antiemetics; similar 
effects have been reported with oral therapy [22]. 

We noted objective clinical responses in two patients 
with HU. HU has been shown to have some clinical effect 
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on lung cancers at lower dose schedules [10], but  patients 
with more responsive small cell lung cancers may have 
been included in the data. We had one pat ient  with small 
cell lung cancer who relapsed after previous combinat ion  
chemotherapy but who did not respond to HU. The lack of  
response in our non-small  cell lung cancer  patients could 
be due to a low growth fraction in squamous and adeno-  
carc inoma [23]. 

HU is pr imar i ly  a r ibonucleot ide  reductase inhibi tor  
and  is an S-phase cycle-specific drug [26]. Thus, it could be 
used in combinat ion  with other treatments,  such as radia-  
t ion therapy or D N A - d a m a g i n g  agents. It has been used in 
lung cancer in combinat ion  with radia t ion therapy,  but  
showed no benefit  [13, 15]. Le Par et al. [15] t reated 12 pa- 
tients with HU at 10 mg per  kg concurrent ly with 6000 
rads of  radia t ion in 6 weeks and found no increase in sur- 
vival compared  with t reatment  with rad io therapy  alone. 
However,  in those studies there was no at tempt to ach ieve .  
any par t icular  drug level based on biochemical  or phar-  
macological  data. 

HU could be used as a D N A  repair  inhibitor ,  as its in- 
hibit ion of  r ibonucleot ide  reductase leads to deplet ion of  
deoxyr ibonucleot ide  pools  [20]. HU leads to accumulat ion 
of  s trand breaks at sites where enzyme incision is not  fol- 
lowed by repair  synthesis and l igation [3]. 

Wawra  et al. [24] have shown that 1 m M  HU inhibits 
cell repl icat ion in addi t ion to repair ,  and conclude that 
HU interacts with steps of  the repl icat ion process which 
are responsible for the processing of  pr imary  products ,  so 
that  it could have other effects, besides r ibonucleot ide  re- 
ductase inhibit ion.  

HU can induce breaks in template  strands of  replicat-  
ing D N A  [3] and has been shown to lead to fragmenta-  
tions, t ranslocat ions and rearrangements  of  metaphase  
chromosomes [17]. These effects, together with inhibi t ion 
of  r ibonucleot ide reductase,  imply that  HU is a highly ac- 
tive cytotoxic agent. In previous studies, HU has not  
usually been used in an opt imal  manner .  

H U  given as a D N A  repair  inhibi tor  in cont inuous 
high-dose infusion may be useful in combinat ion  therapy 
with agents inducing D N A  damage,  such as cisplatin,  
which is an active agent in non-small  cell lung cancer [5]. 
Thus, we have commenced  a trial of  a combinat ion  of  
high-dose HU and cisplatin,  and this phase I study has 
provided  a rat ional  approach  to dosing. 
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