
Cancer Chemother Pharmacol (1981) 6:35-38   ancer 
hemotherapy and 
harmacology 

© Springer-Verlag 1981 

Clinical Pharmacology of Oral Thioguanine 
in Acute Myelogenous Leukemia 

L. W ,  Brox ,  L. B i rke t t ,  and  A .  Be lch  

McEachern Laboratory and Cross Cancer Institute, University of Alberta, 
Edmonton, T6G 2H7, Canada 

Summary. Although thioguanine has been in clinical 
use for over 20 years, few data are yet available on the 
clinical pharmacology of thioguanine administered 
orally. We have studied the plasma thioguanine levels 
in acute myelogenous leukemia patients during re- 
mission induction (daunomycin 60 mg/m 2 on day 1, 
arabinosylcytosine 200 mg/m 2 • day for 7 days by 
infusion, thioguanine 100 mg/m 2 PO every 12 h for 7 
days) and remission maintenance (arabinosylcytosine 
200 mg/m 2 • day for 4 days by infusion, thioguanine 
100 mg/m e PO every 12 h for 4 days). Hourly blood 
samples were taken after thioguanine administration, 
and plasma thioguanine levels were measured by 
high-performance liquid chromatography with an 
anion-exchange column. Prior to the chromatography 
the thioguanine was oxidized by alkaline potassium 
permanganate to the corresponding 6-sulfonate, which 
was monitored by means of fluorescence detection. 
Peak plasma levels of thioguanine were observed 
2 - 4  h after administration and varied from O. 03-O. 94 
~tM. Plasma levels of  thioguanine were markedly 
lower in patients with severe nausea and emesis. Food 
intake at the same time as thioguanine administration 
also tended to lower plasma drug levels. The 30-fold 
range in thioguanine plasma levels observed in this 
study suggests that intermittent 1V administration may 
provide a better means of standardizing the dosage of 
thioguanine. 

Introduction 

T h i o g u a n i n e  was i n t roduced  into cl inical  use  in the  
mid-1950s and  its p r e d o m i n a n t  use  has  been  in the  
t r e a t m e n t  of  hema to log i ca l  mal ignancies .  D e s p i t e  the  
long cl inical  expe r i ence  with  t h ioguan ine  on ly  one  
p h a r m a c o l o g y  s tudy  in m a n  has  b e e n  r e p o r t e d ,  and  
this s tudy  c o n c e n t r a t e d  on  the  ex ten t  of  i n c o r p o r a t i o n  
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of  t h ioguan ine  af te r  IV  admin i s t r a t ion  into  in t race l -  
lu lar  ac id-so lub le  and  ac id- inso lub le  cons t i tuen ts  [5]. 
In  this s tudy  L e P a g e  and  W h i t e c a r  d id  p r e se n t  da t a  
r e c o r d e d  in one  pa t i en t  showing tha t  IV  admin i s t r a -  
t ion  of  t h ioguan ine  resu l ted  in s ignif icant ly h igher  
drug  p l a s m a  levels  t han  resu l ted  f rom the  s ame  ora l  
dose .  

In  this s tudy we have  e m p l o y e d  a h igh-per fo r -  
m a n c e  l iquid c h r o m a t o g r a p h y  m e t h o d  to e xa min e  the  
p l a s m a  levels  of  t h ioguan ine  a d m i n i s t e r e d  ora l ly  to  
pa t ien t s  wi th  acute  m y e l o g e n o u s  l e u k e m i a  e i the r  
dur ing  remiss ion  induc t ion  or  dur ing  m a i n t e n a n c e  
t he rapy .  

Materials and Methods 

The study population consisted of adults with acute myeloblastic 
leukemia (AML) treated in our institute. The remission induction 
chemotherapy consisted of dannomycin (60 mg/m 2) IV on day 1, 
cytosine arabinoside (200 mg/m 2- day) by continuous IV in- 
fusion for 7 days, and oral thioguanine (100 mg/m 2) every 12 h for 
7 days. Remission maintenance chemotherapy was given every 6 
weeks with a 4-day course of cytosine arabinoside and thioguanine 
as described above. 

Only the morning administration of thioguanine was evaluated 
in this study. The drug was given while the patient was fasting or 
5-15 vain before a light breakfast of juice, egg, and toast. 
Heparinized blood samples (5 ml) were collected at hourly 
intervals through an indwelling IV cannula. The blood samples 
were immediately centrifuged and perchloric acid was added to the 
plasma to a final concentration of 0.4 M. After 30 min at 0 ° C the 
extracts were centrifuged and neutralized to pH 6.0-6.5 with 
KOH; the potassium perchlorate was then removed by centrifu- 
gation and the extracts stored at -20 ° C. 

Thioguanine and thioguanine nucleotides were measured by 
high-performance liquid chromatography as described by Tidd and 
Dedhar [8]. Chromatography of the oxidized thioguanine samples 
was carried out isocratically at room temperature on a Whatman 
Partisil-10SAX anion exchange column (25 cm x 4.6 mm) with 
0.015 M potassium phosphate, pH 4.0, at a flow rate of 1.3 ml/min. 
Column effluent was monitored for fluorescence by means of a 
Schoeffel FS-970 detector with an excitation wavelength of 330 nm, 
an auxiliary Corning 7-54 prefilter, and a 389 nm cut-off emission 
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filter. A full-scale recorder deflection would correspond to 
approximately 10 pmol oxidized thioguanine at the detector 
sensitivity used in these studies. Peak areas were determined with a 
digital integrator and related to a standard curve obtained by 
oxidizing known amounts of thioguanine. Sample volumes injected 
into the column were adjusted so that at least 2 pmol oxidized 
thioguanine was present. Oxidation of 6-thioxanthine gives rise to 
a fluorescent product with approximately one-tenth the intensity 
displayed by thioguanine with the indicated excitation and 
emission wavelengths. The 6-methylated thiopurines did not 
produce fluorescent derivatives, and such metabolites were not 
detected by UV absorption in plasma extracts. Urine samples were 
not studied for thioguanine metabolites. 

Bone marrow aspiration was done on day 3 of the 4-day 
remission maintenance chemotherapy program, within 1 h after the 
peak plasma thioguanine level was reached. The marrow sample 
was promptly centrifuged and the buffy coat was collected and 
washed once with phosphate-buffered saline. A perchloric acid 
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Fig. 1 A and B. Anion exchange chromatography of perchloric acid 
extracts of plasma samples taken either before (A) or 1 h after 
administration of thioguanine at 100 mg/m 2 PO (B) 

extract was made and the thioguanine nucleotides were measured 
as above. 

Results 

A typical chromatogram of a permanganate-oxidized 
plasma extract before and 1 h after an oral dose of 
thioguanine is shown in Fig. 1. 

At the detector sensitivity used in this study, we 
saw no fluorescent peak corresponding to oxidized 
thioxanthine in any of the samples analyzed. The 
peak plasma thioguanine levels from 25 experiments 
with 13 patients are shown in Table 1. Multiple values 
for a single patient correspond to different chemo- 
therapy cycles of thioguanine administration. Five of 
the 25 studies were conducted during remission 
induction therapy. The peak plasma levels ranged 
from 0.03-0.84 ~xM with the time to peak level being 
about 4 h when food was given or about 1.5 h with no 
food. This trend is not statistically significant, 
however, since when evaluated by a two-tailed 
Student's t-test, P is between 0.05 and 0.1. In four of 
five instances higher peak levels were observed when 
the drug was given to a fasting patient. An example of 
the effect of food on plasma thioguanine concentra- 
tion is shown in Fig. 2, where on two successive 
mornings oral thioguanine was administered either 
immediately before or without breakfast. In this 
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Fig. 2. Plasma thioguanine concentrations as a function of time 
after an oral dose of 100 mg/m 2. Thioguanine was given either 
before breakfast (O), or without breakfast (©) 
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instance the patient had no nausea or emesis on either 
day. 

The 12-h carry-over plasma level of thioguanine 
was very low except in one instance, where a 
prolonged time of drug absorption was observed 
(Table 1). The lowest plasma levels of thioguanine 
were observed in patients who were severely nau- 
seated and who vomited 60-90 min after drug 
administration. There was no relationship in this 
study between the peak plasma levels obtained and 
the number of cycles of chemotherapy the patient had 
undergone, or between drug level and white blood 
cell count. 

The plasma disappearance curves for thioguanine 
were generally similar to that shown in Fig. 2. There 
was a rapid decrease after the peak level was 

Table 1. Concentrat ions  of thioguanine in plasma 

Patient  Peak 12-h Comments  
concentrat ion concen- 

tration 
gM Time (h) (~tM) 

1. F . A .  0.33 2 _a  b,d 
b, d 

0.94 4 
c, d 

0.57 2 
C, d 

0.32 3 

2. K . E .  0.36 2 0.07 c,d 
c, e 

0.32 1 

3. J . H .  0.13 4 0.02 c,a 
c, e 

0.20 1 
c, e 

0.27 2 

4. J . L .  0.09 5 0.05 c,d,f 
0.03 3 0.01 c,d,f 

c , d , f  
5. H . L .  0.08 5 - 

b , d  
6. J . M .  0.54 6 - 

0.19 2 < 0.01 b,d 

7. G . P .  0.13 4 < 0.01 c,d 
C, d 

0.08 2 
c, e 

0.24 2 
b , d , f  

8. J . T .  0.09 1 - 

9. J . W .  0.09 4 0.02 c,d 

10. G . C .  0.04 9 0.03 c,d 
c, e 

0.33 4 
c , d  

11. A . S .  0.06 5 - 

12. C . M .  0.57 9 0.33 c,d 
c, d 

13. B . B .  0.39 4 - 
c , d , f  

0.04 2 

Thioguanine  was administered at 100 mg/m 2 PO every 12 h 
a Data  not  available 
b Remiss ion  induction therapy 
° Maintenance therapy 
a Thioguanine  given before breakfast  

No breakfast  given 
f Patient had nausea  and emesis 

attained, and this was followed by a gradual decrease. 
The average plasma thioguanine half-life for the inital 
rapid decrease was 110 min, with a range between 45 
and 240 min. In four cases the plasma thioguanine 
level remained at the peak level (+ 20%) for 2 - 4  h 
before the rapid decline occurred. This latter type of 
plasma disappearance curve appeared to be unrelated 
to food intake. 

Discussion 

It is generally believed that the cytotoxic effects of 
thioguanine are related to its incorporation into the 
cellular DNA [4]. Thioguanine must be anabolized to 
the nucleotide level before such incorporation may 
occur, and this conversion to the active form is 
dependent upon the concentration and time of 
exposure to the drug [1, 5]. Thioguanine may also be 
catabolized to inactive metabolites. Another impor- 
tant consideration is the plasma level of hypoxanthine 
and/or guanine. These compounds would reduce the 
amount of intracellular thioguanine nucleotides by 
competing with thioguanine in the hypoxan- 
thine-guanine phosphoribosyltransferase-catalyzed 
reaction [1, 7]. For these reasons, the plasma 
thioguanine concentration versus time relationship is 
an important factor in the action of this drug. 

In the vast majority of cases thioguanine is still 
administered orally, despite the work of LePage and 
Whitecar showing that IV administration of thio- 
guanine resulted in more extensive incorporation into 
DNA and the work of Elion et al. showing incom- 
plete thioguanine absorption after oral doses [2, 5]. 
Examination of recent clinical protocols for hema- 
tological malignancies employing thioguanine reveals 
that the most common dosage of this agent is 
100 mg/m 2 every 12 h, during induction or mainte- 
nance therapy. The historical selection of this dosage 
is unclear, as we are not aware of any data describing 
the myelosuppressive effect of such an oral dosage. 
This is due in part to the fact that thioguanine has not 
been used extensively as a single agent. The data 
presented in this study show that the peak plasma 
levels of thioguanine resulting from this conventional 
oral dosage of 100 mg/m 2 every 12 h varied over a 
30-fold range from 0.03-0.94 ~tM. Furthermore, 
when food was given with the drug there was a trend 
towards lower thioguanine peak plasma levels and the 
time taken to reach these levels was longer. 

There is relatively little information available on 
the plasma levels of thioguanine required for effective 
bone marrow cell kill. From the study of LePage and 
Whitecar it is seen that the plasma levels of 
thioguanine in two patients receiving 135 mg/m 2 
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thioguanine IV was in excess of 15 ~M for 5-10  h [5]. 
In cell culture studies with the RPMI-6410 human 
lymphoblastoid cell line we have observed that a 
continuous thioguanine exposure of 0.5 ~tM is 
required for complete inhibition of cell growth and 
cell lysis. In only 4 of the 25 thioguanine courses listed 
in Table 1 does the peak plasma level of thioguanine 
exceed 0.5 ~tM. The intracellular level of 6-thio-GTP 
in the afore-mentioned study of the RPMI-6410 cells 
reached approximately 50 nmoles per 109 cells. 
LePage and Whitecar have reported even higher 
levels of thioguanine nucleotides in the marrow of 
patients receiving thioguanine IV. Nonetheless, in 
five patients on this study from whom marrow 
samples were available shortly, after the peak plasma 
levels were reached we could not detect intracellular 
thioguanine nucleotides (less than 0.5 nmoles per 109 

cells). These five patients were all receiving main- 
tenance therapy for AML, and the marrow samples 
were obtained on day three of therapy. Peak plasma 
levels of thioguanine were less than 0.27 ~tM in all 
cases. 

This study illustrates the erratic oral absorption of 
thioguanine and the frequently low peak plasma 
levels. In the light of this data, the extent of the 
contribution made by oral thioguanine in this com- 
bination chemotherapy program for AML is ques- 
tionable. In a recent large clinical trial of AML the 
addition of oral thioguanine, 100 mg/m 2 daily, to a 
regimen of daunorubicin, cytosine arabinoside, and 
prednisone did not increase the remission rate over 
that obtained with the last three drugs [3]. We suggest 
that the IV formulation of thioguanine (NSC-752) 
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may be superior to the same drug given PO. At this 
time several phase II trials are under way, sponsored 
by the U.S. National Cancer Institute, to assess this 
question. 
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