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SUMMARY

Daily p.o. administration of 300 mg allopurinol to cancer
patients almost completely inhibited the production of
6-thiouric acid from i.v. administered 6-mercaptopurine
(6-MP) (1000 to 1250 mg). Nonetheless, no effect was
observable on the pharmacokinetics of 6-MP in these patients.
Applying a two-compartment open model, values for
distribution and elimination half-times and inner and outer
volumes of distribution were calculated, as well as areas under
plasma concentration-time curves. None of these parameters
appear to have been altered by allopurinol.

Three patients were studied on a regimen which included
dosage with allopurinol, followed by several days of
withdrawal. No significant trends were evident in drug
half-lives or in areas under plasma concentration-time curve
values when 6-MP was given i.v.

Until the complexities of the 6-MP-allopurinol interaction
are studied more fully, the current practice of reducing 6-MP
dosage in the presence of allopurinol should not be modified.

INTRODUCTION

Since the early 1950's, many reports on the clinical use of
6-MP2 as an antileukemic agent have appeared in the

literature, but few of these clinical studies have considered the
fate of the drug itself, concentrating instead on the
manifestations of the disease. Hamilton and Elion (8) reported
data on concentration in cerebrospinal fluid, half-time in
plasma, and urinary clearance of 6-MP-35S, based on 2

patients, a child and an adult. Both received 6-MP, 6.6 mg/kg
i.v.; half-time in plasma was reported as 90 min. In the urine,
early time periods showed that approximately 75% of the
radioactivity present was divided between 6-MP and 6-TU; at
later time periods, sulfate accounted for up to 75% of the
radioactivity. A later report (4) estimated that 4.5% of the
dose of 6-MP was excreted in the urine in 24 hr unchanged,
and 3.4% was excreted as 6-TU. Loo et al. (10) reported an
average of 21.7% of an i.v. dose of 6-MP was excreted within 6
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hr of the dose, by patients who received 5 to 37.7 mg 6-MP
per kg. The same paper reported data on the concentration
and half-time of 6-MP in plasma which are in general
agreement with ours.

Doses such as those reported above are higher than those
most frequently reported in the clinical literature, although
recently attempts have been made to use higher doses of 6-MP
(500 mg/sq m/day X 5 days i.V., or 13.2 mg/kg X 5 for a 60-kg
patient), in combination with methotrexate (5 mg/sq
m/day X 5 days i.v.), prednisone (300 mg/day p.o.), and
vincristine (2 mg X 1 day)-the POMP regimen-to treat
leukemia (9). It was hoped that such massive doses would
destroy leukemia cells before resistance to the drugs
developed.

Rapid destruction of neoplastic tissue by intensive
chemotherapy has led predictably to renal insufficiency from
urate nephropathy in some patients. The use of allopurinol, a
xanthine oxidase inhibitor, in anticipation of the purine
overload can eliminate this therapeutic catastrophe. Reduction
of hyperuricemia with allopurinol has proven effective both in
patients with gout and in those with leukemia (5,6, 11).

Since xanthine oxidase is the enzyme responsible for the
oxidation of 6-MP to 6-TU, it has been suggested by Elion et
al. (5, 6) and Rundles et al. (11) that allopurinol would serve
as a potentiator of 6-MP by inhibiting its catabolism. They
have, in fact, observed a drastic decrease in the excretion of
6-TU in allopurinol-treated patients and reported a potentia-
tion by allopurinol of the chemotherapeutic effect of 6-MP
against Adenocarcinoma 755 in mice (5, 7). The current
clinical brochure for Zyloprim (allopurinol) recommends 3- to
4-fold reduction in dosage of 6-MP for patients receiving the
drug.

However, the oxidation of 6-MP to 6-TU is only 1 of a
number of possible pathways of 6-MP metabolism. Studies on
the rate of clearance of 6-MP from blood may be more
relevant to the clinical effectiveness of the drug than studies
on urinary excretion. We have therefore attempted a more
complete evaluation of the effects of allopurinol on the
metabolism and excretion of i.v. administered 6-MP by cancer
patients.

MATERIALS AND METHODS

Patients. All patients were under the care of one of us (A.
A. S.) at the Baltimore Cancer Research Center. A summary of
the available data on the patients is given in Table 1. Patients
were on therapy regimens of 6-MP alone, 6-MP as part of the
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POMP regimen described in Table 1, or the POMP regimen plus
100 mg allopurinol p.o. 3 times daily.

Since the role of drug interactions in the physiological
disposition of 6-MP is not well understood, we have listed all
other drugs received by these patients in Table 2. Some of
these, like phÃ©nobarbital,are known to affect drug metabolism
(2); others, like Colace, are most likely innocuous.

In addition to these patients, who were used for a statistical
comparison of 6-MP pharmacokinetics with and without
allopurinol, 3 patients have been given repeated doses of 6-MP
on a schedule which included both administration and
withdrawal of allopurinol. A summary of the dosage schedules
used is given in Table 3. The high inter- and intrasubject
variability in the clearance and excretion of 6-MP and its
metabolites made it desirable, first, to use each patient as his
own control and, second, to look for trends in clearance and
excretion data as the effect of allopurinol was first established
and later terminated in each patient. Patients were given 6-MP
i.V. at 9 a.m. on the days indicated and allopurinol p.o. at 4
p.m. Thus, on Day 1, each patient recieved a dose of 6-MP
without any allopurinol, and the data from this dose were used
as controls. Doses of 6-MP are characterized as "on
allopurinol" or "off allopurinol" depending on whether the

patient had received a dose of allopurinol the previous
afternoon.

Measurement of 6-MP and Its Metabolites. 6-MP (NSC 755)
provided by the National Cancer Institute, was administered
by rapid i.v. injection. Extractions were performed with
dilutions of 60% reagent-grade perchloric acid. The anion-
exchange resin used for column chromatography was Dowex
1-X10, 200 to 400 mesh, chloride form, with an exchange
capacity of 1.2 mEq/ml, wet volume. The formate form of the

resin was generated with sodium formate and 88% formic acid.
In some experiments, Bio-Rad AG 1-X8, 200 to 400 mesh,
formate form, was used after removal of fine particles.

Blood samples were drawn immediately before and at 5,15,
30, 60, and 120 min after administration of 6-MP. The samples
were chilled and centrifuged, and the plasma was drawn off. A
5-ml aliquot of plasma was extracted with an equal volume of
0.4 N HC1O4. These extracts were then frozen and shipped to
Arthur D. Little, Inc., Cambridge, Mass., for further
processing. Twenty-four-hr urine specimens were collected for
each day that the patient was studied; a control specimen was
collected before treatment began. Urine samples were also
frozen and shipped. The thawed HC1O4 extracts were
centrifuged, and the insoluble pellets were extracted twice
more with 0.2 N HC1Ã›4. The pooled supernatants were
neutralized with 10 N KOH.

For separation of the 6-MP from its metabolites, a system of
step-elution column chromatography was used. The urine and
neutralized plasma extracts were loaded on 0.5- x 8-cm Dowex
1-formate columns. The loaded columns were washed with
approximately 20 ml distilled water and then eluted in 3
fractions: first, with 10 ml 1.5 N formic acid, which brought
off 6-MP and uric acid; then with 10 ml 3.0 N formic acid,
which brought off the 6-TU; and finally, in some cases, with
10 ml 10.0 N formic acid, which brought off nonthiolated
purines. The concentrations of drug and metabolites were
determined by measuring their UV absorbance with a
Beckman DK-II spectrophotometer. At pH 1, 6-MP has an
absorption maximum of 322 nm and molar extinction of
21.3 X IO3 ; 6-TU has an absorption maximum at 356 nm and
a molar extinction of 28.7 X IO3.

Step elution of short columns was unsatisfactory for the

Table 1
PatientsummariesPatientC.

C.D.
G.L.

J.J.H.K.M.P.P.A.A.V.

W.W.

J.A.
W.A.

K.Age(yr)5148662520251838273733SexM1FMMMFFMFMHeight5'

10"5'
3"5'2"5'10"5

'6"6'

3"5'2"5'4"6'1"5'3"Weight

(kg)73606770598039688846Surface
area

(sqm)1.81.71.51.81.62.01.51.62.11.42.0Hema-
tocrit-(%)2826362332333024346-MP

dosemg/sq

m500500500500780500500750470465500mg/kg12141113211219171114Treatment6-MP6-MP6-MPPOMPPOMPPOMPPOMPPOMPPOMPPOMP

+allopurinolPOMP

+allopurinolPOMPcourse"616,

1712,33312,3DiagnosisAdenocarcinoma

oflungBreast
carcinomawithbone
andpelvicmÃ©tastasesMetastatic

adeno-carcinoma
ofcolonAcute

myelogenousleukemiaAcute

myelogenousleukemiaAcute

myelogenousleukemiaAcute

monoblasticleukemiaAcute

myelogenousleukemiaMeningeal

leukemiaAcute
monocyticleukemiaAcute

lymphocyticleukemia

" POMP courses aie composed of 5 days of

150 mg/sq m/day for 5 days p.o., prednisone;
the patient's condition and response, the cycle
two 5-day treatments as described above.

treatment with: 500 mg/sq m/day for 5 days i.v. 6-MP; 5 mg/sq m/day for 5 days i.v. methotrexate;
2 mg i.v., for 1 day only, vincristine; followed by 5 to 7 days rest without treatment. Depending on
may then be repeated. For instance, POMP Course 3 means that the patient had previously received
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Table 2
Drugs administered to patients during studies

Patients

K.M. A.A. A.K.

Drugs C. C. D. G. L. J. J. H. 1Â° 2" P. F. V.W. W. J. A.W.

DarvonChloral
hydrateColaceXXX

XXXXXXXXXX

Nembutal
Norinyl
Tylenol
Milk of magnesia
Morphine x
Mylanta
Talwin
Benedryl
Coumadin
Digoxin
Dilantin
Dulcolax
Folie acid
Intravenous pyelogram

performed
Keflin
Librium
Lomotil
Metamucil
Orinase
Penicillin UK
Phenformin
PhÃ©nobarbital
Polycillin
Thorazine x

x

\
X

X X

X

X

X

" No other drugs administered.

Table 3
Dosage schedules for 3 patients

6-MP administered i.v. at 9 a.m. on each day. Allopurinol
administered p.o. at 4 p.m.

Total dose(mg)Day12345678910C.6-MP9000090000900900900K.Allo

purinol3003003003000000300J.6-MP1000000010001000100010001000Y.Allopurinol30030030030030030030030000G.6-MP10000010001000100010001000s.Allopurinol3003003003000000

taken to represent the processes of distribution (KÂ¡2 and k2 1)
and elimination (fc2) which affect the concentration of drug in
plasma. The expression for concentration of drug in the inner
compartment (2) is then:

(A)

where

D = total dose given

resolution of 6-thioxanthine. When indications of this
metabolite were seen on the short column, aliquots of urine
were loaded on a 0.5- x 18-cm Dowex 1-formate column and
eluted with an asymptotic gradient of 0 to 10 N formic acid.

Pharmacokinetic Calculations. Drug concentration data
were fitted to the 2-compartment open model illustrated in
Chart 1. The "inner" compartment, of volume V\, may be

ÃŸ=

If it is further assumed (13) that:

*2i=(r,/K2)*12 (B)

the constants to be evaluated are fc12 (the rate constant of
distribution), Â£2(the rate constant of elimination), and V\
and V2 (the inner and outer compartment volumes,
respectively).

Drug concentrations in plasma were fitted to Equation A by
an unweighted iterative least-squares technique similar to that
used by Wagner and Metzler (14). Areas under CX f's were

determined by the trapezoidal integration technique
previously described (1).

The use of a 2-compartment model is an obvious
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oversimplification for a drug with more than 6 known
metabolites, each of which may be formed in many tissues.
However, even this simple model may suggest further
experiments to explain any significant differences observed.
Furthermore, since each experiment includes only 5 data
points and the model contains 4 unknowns, more complex
models would be statistically inappropriate.

Chart 1. Diagram of the 2-compartment pharmacokinetic model
used in the study of 6-MP. kt 1, kÃ¯,, rate constants of distribution; kÃ¯,
rate constant of elimination; K,, inner compartment volume; F2, outer
compartment volume. It is assumed that at zero time the entire dose is
injected into the inner compartment and instantaneously mixed.

Mean values of half-times reported below are calculated by
averaging rate constants from individual experiments and
converting the final values to half-times. Compartment
volumes are divided by patient weight in each case before
averaging and are presented as volume/unit weight.

It is tempting to assign physical or physiological meanings
to components of the model, e.g., to call Vi the "plasma
volume" and K2 the "tissue distribution volume," but,

particularly in the case of such drastic simplification, this
temptation should be avoided. Discrepancies between fitted
constants and reasonable physiological parameters indicate
only that the constants incorporate a number of further steps
which have not been included in the model. The fitted values
are useful chiefly for comparison to one another and only
secondarily to point to possible physiological mechanisms.

RESULTS

Each patient was studied for 5 successive days. The 5-day
averages of plasma 6-MP and 6-TU concentrations are shown in
Table 4. The most notable effect of allopurinol was the virtual
abolition of the appearance of 6-TU after 6-MP injection. A
similar effect was noted on urinary excretion of 6-TU, which
was virtually abolished in these patients. Visual inspection of

Table 4
Average concentrations of 6-MPand 6-TU in the plasma of patients receiving 6-MP

All patients except J. H. and K. M. were studied for 5 days.

Plasma 6-MPb (Mg/mlplasma) Plasma 6-TUb (Mg/ml plasma)

PatientC.

C.D.
G.L.
J.J.
H.K.M.
1K.M.
2P.
F.A.

A.1A.A.
2V.
W.W.
J.A.
W.A.

K.1A.

K. 26-MP

dose"
Treatment (mg/sq m)5e6-MP6-MP6-MP1

day,POMP-61
dayPOMP-61
day,POMP-17POMP-1POMP-2POMP-3POMP-3POMP-3Allopurinol,POMP-1AllopurinolPOMP-2AllopurinolPOMP-35005005005007807805005005007504704655005001624152321311217268.5121623156.5137.89.79.56.27.913146.27.2108.6303.59.84.24.34.73.94.03.94.56.43.73.65.75.2602.26.82.13.53.22.72.72.52.74.12.42.32.63.61200.783.31.41.61.10.990.831.01.31.31.51.61.8180

5C<0.5<0.5<0.50.66<0.5<0.5

<0.5<0.50.590.58

<0.50.82
<0.5<0.5<0.5151.10.8<0.51.90.941.40.941.01.40.83<0.5<0.5<0.5301.62.30.562.50.760.51.61.11.31.91.2<0.5<0.5<0.5602.24.00.862.31.71.31.60.861.72.91.5<0.5<0.5<0.51201.64.70.820.880.861.1<0.5<0.51.90.79<0.5<0.5<0.51800.66<0.5<0.5<0.5<0.5<0.5<0.5

" 6-MP was administered i.v. POMP-Â«indicates that this is patient's nth course of POMP therapy.
b The figures given here are averages of 5 days of data.
c Minutes after i.v. administration of 6-MP.

Table 5
Pharmacokinetic parameters of i.v. administered 6-MP in cancer patients (mean Â±standard error)

Treatment6-MP

POMP + allopurinol
POMPNo.

of time
curves analyzed15

1528Half-time

of distribution
(min)7.1

Â±1.3
8.1 Â±2.4

10.3 Â±1.2Half-time

of elimination
(min)10.3

Â±4.2
17.0 Â±5.0
15.3 Â±1.3Inner

compartment
volume(I/kg)0.46

Â±0.8
0.45 Â±0.11
0.53 + 0.06Outer

compartment
(I/kg)1.2

Â±0.3
1.2 Â±0.3
1.2 + 0.2CX

f
(mgmin/1)690

+ 70
1020 Â±110
710 Â±50
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the concentration data suggests that allopurinol is without
significant effect on the pharmacokinetics of 6-MP in plasma,
and this conclusion is confirmed by examining the fitted
kinetic parameters, as will be seen below.

Curves of the form of Equation A were fitted to each set of
data on plasma samples from patients studied over the past 2
years. The means and standard errors of the model parameters
obtained are shown in Table 5. No notable differences are
apparent among the 3 dosage regimens used, except for an
increase in total C X t in the allopurinol-treated patients.

However, the data in Table 5 conceal a large amount of
intersubject and intrasubject variability. In most of the
individual data sets, the confidence limits of the fitted
parameters exceeded the parameters themselves, most likely
because of the small number of time points in each set.
Furthermore, the standard errors in Table 5 are reasonably
small only because of the large number of data sets analyzed.
The actual range of values of the parameters is extremely wide.

We can, nonetheless, conclude that within the sensitivity of
this analysis either the oxidation of 6-MP to 6-TU is of minor
importance in removing 6-MP from the plasma or, as would
seem more likely, other pathways of removal may compensate
for the oxidative pathway when xanthine oxidase is blocked.

To minimize intersubject variability, we have placed 3
patients on dosage schedules in which 6-MP is administered
first alone, then with allopurinol, and finally after allopurinol
withdrawal. In this way, the effects of adding and removing
allopurinol from the dosage regimen may be followed over a
period of several days in each patient (Table 3).

Chart 2 shows the fall in 6-MP concentration in plasma after
i.v. doses in these 3 patients. The open circles show a dose of
6-MP with allopurinol (Day 4 for C. K. and G. S., Day 6 for
J. Y.; see Table 3), and the open squares show the last dose of
6-MP in the series, when recovery from the allopurinol effect
had taken place. No trend is evident in the rate of
disappearance of 6-MP from plasma as allopurinol is
administered and withdrawn.

Chart 3 shows the fluctuations in the total C X r of 6-MP in
plasma with successive doses in the 3 patients described above.
Any effect of allopurinol in the total exposure to 6-MP as
represented by the area under the C X t seems to be well
within the limits of day-to-day variability in these patients,
although some increases may occur. It would be desirable to
continue this observation with a larger group of patients
monitored more consistently.

The reason for the lack of effect of allopurinol despite the
importance of the xanthine oxidase reaction in 6-MP
detoxification is suggested by an examination of the urinary
excretion data summarized in Chart 4. In Patients J. Y. and
G. S., excretion of 6-TU is virtually abolished by allopurinol
treatment, as would be expected. However, the effect of
allopurinol on the total excretion of thiopurines is far less
dramatic. There is an increase in excretion of 6-MP and
excretion of 6-thioxanthine, in amounts which partially
compensate for the missing 6-TU. Experiments with mice3

3Coffcy, J. J., White, C. A., and Wodinsky, I. Effects of Allopurinol
on the Metabolism and Chemotherapeutic Activity of 6-Mercaptopurine
(NSC 755) in Tumor-bearing Mice. Cancer Res., submitted for
publication.

Allopurinol Effects on 6-MP in Man

show that allopurinol causes an increase in the excretion of
dethiolated purines derived from 6-MP. This compensatory
pathway could exist in these patients as well.

It is, however, impossible to assess the importance of
dethiolation in man without the use of radioactive 6-MP.
Plasma and urine samples contain appreciable quantities of
endogenously formed nonthiolated purines, which are
indistinguishable from those formed from 6-MP.

DISCUSSION

Although allopurinol has not been used specifically to
achieve potentiation, when other considerations dictate its use
in a patient receiving 6-MP, it has been common practice to
decrease the 6-MP dose to avoid toxicity.

30

30

a

c.Â«.

W M Â« 100 IM

Â»Â»TIENTJ.r.

n 100 120

MTICKT S.S.

M

TIÂ« (NID)

Chart 2. Disappearance of 6-MP from the plasma of 3 patients
following i.v. administration. â€¢¿�,control, 6-MP alone; o,
6-MP + allopurinol; o, 6-MP after withdrawal of allopurinol.
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1SOO

1000

500

CONTROL Off HPP

3 4
HlÂ«E B OF DOSES

Chart 3. Values of C X i for 3 patients during administration and
withdrawal of allopurinol (HPP). Abscissa, number of doses of 6-MP
administered, time (see Table 3). Â»,Patient C. K.; o, Patient J. Y.; A,
Patient G. S.

123 12
DOSES OF S-UP

Chart 4. Urinary excretion of 6-MP and thiolated metabolites during
administration and withdrawal of allopurinol (HPP).

Allopurinol appears to have little effect on the
pharmacokinetics of large i.v. doses of 6-MP in man. However,
there is a clear indication of increased toxicity of 6-MP in mice
when allopurinol is given, although the excretion of total 6-MP
equivalents is unchanged (6).3 Furthermore, the detoxification

and clearance of the large i.v. doses of 6-MP reported here may
differ from that of the lower p.o. doses commonly
administered in the clinic. In particular, blocking 6-MP
oxidation by the liver (the chief site of xanthine oxidase
activity) may have far more dramatic effects when the entire
dose is carried directly to the liver by the portal circulation. If,
with allopurinol, a significantly higher proportion of unaltered
6-MP escapes to the general circulation after a 1st pass through

the liver, there could be a significant potentiation of a p.o.
dose. It is in this connection that the pharmacokinetics of 6-MP
administered p.o. and i.v. appear different (3). In man, 6-MP
persists somewhat longer following a p.o. dose, and the
proportion of sulfate generated, presumably by dethiolation, is
much higher. The implication for the expected effect of
allopurinol on p.o. 6-MP is unclear; the longer persistence of
6-MP after a p.o. dose might be expected to increase the
likelihood of potentiation, but the greater dethiolation
observed suggests that this alternate route of detoxification
may be more available to p.o. administered 6-MP.

The doses of 6-MP used in these experiments were not only
administered i.v. but were quite large. Vogler et al. (12) have
noted that less than 3% of 6-MP administered p.o. to leukemia
patients in doses of 100 mg or less is excreted in the urine
unchanged. With our i.v. doses of roughly 1000 mg, 20 to 40%
of the administered 6-MP appeared in the urine unchanged.

Thus, with the larger dose, the enzyme systems responsible for
6-MP catabolism may be approaching saturation. If this is the
case, the potentiation of 6-MP by allopurinol should be of
importance only at low doses of 6-MP, where the existing free
6-MP concentration may be significantly augmented by
blocking oxidation, although the inhibition of 6-TU
production would be evident at both low and high doses.

The ultimate determinant of chemotherapy and toxicity
appears to be the level of 6-TIMP in target tissues. It was not
possible to perform these determinations on clinical patients,
since the levels of 6-TIMP formed are too low to detect by our
spectrophotometric method. Experiments on mice, presented
in the 2nd paper of this series,3 suggest that allopurinol may

actually reduce the amount of 6-TIMP formed in solid L1210
and AC755 tumors. It appears, in fact, that dethiolation and
6-TIMP production may be alternate pathways of 6-MP
metabolism, differently affected by allopurinol in different
tissues and tumor lines. For determination of the extent to
which the results on tumor-bearing mice are predictive of the
effects of this drug combination in the clinic, it would be
necessary to use radioactive 6-MP to determine levels of
6-TIMP and dethiolated purines in the tissues and urine of
cancer patients.

The patients used in this study showed no ill effects from
the administration of high i.v. doses of 6-MP concurrently with
allopurinol. However, this observation cannot be generalized
to other dosage schedules or routes. In particular, clinical
experience indicates the existence of a serious interaction
when 6-MP is administered p.o. in divided doses. Our results
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suggest that the mechanism of this interaction may be more
complex than had been assumed heretofore. However, until
these complexities are resolved, it would be advisable to
continue the present policy of 6-MP dose reduction in the
presence of allopurinol.
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