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S u m m a r y .  A phase I I  pediatric trial of  a continuous in- 
travenous infusion of  6-mercaptopur ine  (6-MP) in patients 
with refractory solid tumors or l y m p h o m a  was performed.  
The  dosing schedule of  50 mg/m2 per hour for  48 h was 
chosen to produce optimal  cytotoxic concentrations of  
6-MP. There were no complete  or  partial responses in the 
40 patients entered in the trial. Accrual  was sufficient for 
the conclusion to be drawn that there was >95% probabil i ty 
that the true response rate was no greater  than 22% and 
26% in os teosarcoma and Ewing ' s  sarcoma,  respectively.  
Dose-l imit ing toxicity was observed in one-third of  the 
patients and included reversible hepatotoxici ty,  myelosup-  
pression, and mucositis.  The  excellent penetration of  drug 
into the cerebrospinal  fluid (CSF) suggests that future trials 
of  this intravenous dosing schedule should be conducted 
on tumors of  the CNS. 

Introduction 

Although orally dosed 6-mercaptopur ine  (6-MP) has been 
effective in the t reatment  of  acute lymphoblas t ic  leukemia 
(ALL),  there is little information regarding the eff icacy of  
this drug against pediatric solid tumors.  Studies performed 
during the 1960s [ 1, 2] on administrat ion of  6-MP as either 
a weekly intravenous bolus or a low-dose continuous infu- 
sion to adults with solid tumors demonstra ted  only a small 
number  of  responses.  

When  6-MP is g iven orally, its bioavailabil i ty is poor, 
resulting in low and variable p lasma drug concentrations 
[4]. In addition, the p lasma 6 -MP concentrations that have 
been achieved are well below those (1 - 10 p.M, sustained 
for at least 12 h) required for  optimal  cytotoxicity in vitro 
[31. 
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To ci rcumvent  the shortcomings of  oral 6-MP therapy, 
we have developed a continuous intravenous dosing 
schedule. In a phase I trial o f  this approach,  an infusion rate 
of  50 mg/m 2 per hour could be tolerated for up to 48 h [5]. 
The mean steady-state plasma concentrat ion of  6-MP for  
that trial was 6.9 llM, which is within the in vitro cytotoxic 
range. The CSF- to-p lasma drug ratio was 0.27 + 0.14, pro- 
ducing cytotoxic CSF concentrat ions as well. Reversible,  
dose limiting toxicities, which included hepatotoxicity,  
myelosuppression,  and mucositis,  were encountered when 
the infusion duration was increased to 60 h. The present 
phase II t r ial  evaluated the utility o f  this continuous in- 
travenous-infusion approach in pediatric patients with re- 
fractory malignant  solid tumors or lymphomas .  

Patients and methods 

Patient eligibility. Patients under 25 years of age with histologically 
confirmed solid tumors or lymphomas refractory to conventional forms 
of therapy were eligible for this trial. Prior therapy was limited to no 
more than two prior phase II trials and no prior phase I therapy. 

Patients must have recovered from the toxic affects of prior therapy 
before receiving 6-MP and were required to have a granulocyte count of 
>1,500 cells/mm 3, a platelet count of >100.000/mm 3, serum bilirubin 
levels of <1.5 mg/dl, serum aspartate aminotransferase (AST) values of 
<80 units/l, creatinine clearance of >60 ml min -l 1.73 m -2, and serum 
creatinine levels of <1.2 mg/dl. Informed consent was obtained from the 
patients or their parents prior to entry in the study, in accordance with the 
individual institutional policies. 

Study design. The primary objective of this phase II trial was to deter- 
mine the response rate of 6-MP given as a continuous infusion at 
50 mg/m 2 per hour for 48 h in children with refractory solid tumors or 
lymphoma and to define further its toxicity. Courses of therapy were 
repeated every 21 days. No other chemotherapeutic agents were per- 
mitted during the trial. 

Patients were monitored with complete blood counts, determination 
of electrolytes, creatinine, calcium, phosphorus, and uric acid, liver func- 
tion tests, and urinalysis 48-72 h after completion of the 6-MP infusion 
and then weekly thereafter. Patients who had a granulocyte nadir of <500 
cells/mm 3, a platelet count nadir of <50,000/mm 3, serum bilirubin levels 
of 2.5-3.5 mg/dl, or serum AST values of 300-500 units/l received a 
36-h infusion during subsequent cycles. Patients with hepatic toxicity 
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manifested by a serum bilirubin level of >3.5 mg/dl or a serum AST 
value of >500 units/l were removed from the study. 

Appropriate radiologic evaluation of malignant lesions was made 
prior to each cycle. Responses were graded as follows: complete re- 
sponse, the disappearance of all evidence of active tumor as determined 
by physical examination and appropriate diagnostic imaging scan for a 
minimum of 4 weeks; partial response, a decrement of >~ 50% in the 
sum of the product of the largest diameter of all measurable lesions, 
without an increase in the size of any lesion or the appearance of new 
disease; stable disease, the failure of a patient to qualify as having either 
an objective response or progressive disease after having received at least 
two cycles; progressive disease, an increase in the size of any lesion or 
the appearance of new disease. Individual patients were removed from 
the study if they experienced unacceptable toxicity or if objective disease 
progression was noted after one or more courses of 6-MP. 

Drug formulation and administration. 6-MP was supplied by Burroughs 
Wellcome as a lyophilized powder in sterile vials containing 500 mg 
6-MP as the sodium salt. The drug was reconstituted with 49.8 ml sterile 
water (10 mg/ml, pH 10-11) and then further diluted to a concentration 
of 1 mg/dl using saline or 5% dextrose and saline. This solution was 
given intravenously as a 48-h infusion at a dose rate of 50 mg/m 2 per 
hour (total dose, 2,400 mg/m2). 

Results and discussion 

In this phase II trial, 6-MP was given as a continuous 
intravenous infusion at a dose rate of 50 mg/m2 per day for 
48 h. This continuous-infusion schedule was chosen to 
provide optimal exposure to cytotoxic concentrations of 
6-MP. A total of 40 patients were entered in this trial and 
all were evaluable. The patient characteristics, including 
diagnoses, are summarized in Table 1. 

Toxicity 

Table 1. Patient characteristics 

Number of evaluable patients 40 
Number of courses 74 
Median age (range) 13 (I - 24) years 

Diagnosis: 
Osteosarcoma 12 
Ewing's sarcoma 10 
Rhabdomyosarcoma 5 
PNET 2 
Neuroblastoma 2 
Wilms' tumor 2 
Lymphoma 2 
Hepatoblastoma 2 
Hepatocellular carcinoma 1 
Infantile sarcoma 1 
Fibromatosis 1 

The study was terminated because no responses were 
seen in the 40 evaluable patients. Accrual was sufficient 
for the conclusion to be drawn that in patients with 
osteosarcoma and Ewing's sarcoma the true response rate 
was likely to be no greater than 22% and 26%, respectively 
(P <0.05, one-sided confidence interval). The small num- 
ber of patients with other tumor types who were treated in 
this study does not enable a definitive statement to be made 
regarding the possible activity of this intravenous 6-MP 
regimen against these childhood cancers. 

Although the results of the present study are disap- 
pointing, we believe that this 6-MP schedule should be 
further studied in view of the excellent penetration of in- 
travenous 6-MP into the CSF, particularly in the treatment 
of CNS tumors. 

The intensity of the continuous-infusion approach is evi- 
denced by the fact that dose-limiting toxicity occurred in 
approximately one-third of the patients. The primary tox- 
icities were hepatotoxicity (14 patients with AST or ALT 
values of >150 units/l) and myelosuppression (10 cases 
with absolute granulocyte counts of < 1,000 cells/mm3 and 
9 patients with platelet count nadirs of <50,000/mm3); se- 
vere mucositis was seen in only 3 subjects. Of 17 patients 
who received more than one cycle, 6 required a decrease in 
the duration of their infusion because of toxicity. It is thus 
unlikely that 6-MP could be given in a more dose-intensive 
regimen. 

Responses 

Despite the intensity of the 6-MP regimen, no complete or 
partial responses were observed. Five patients (two with 
osteosarcoma, one with rhabdomyosarcoma, one with neu- 
roblastoma, and one with hepatocellular carcinoma) had 
stable disease lasting 11-20 weeks. 
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