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ABSTRACT

In this study, the ability of deoxythymidine (dThd) to enhance
selectively the metabolism of 1-j8-D-arabinofuranosylcytosine
(ara-C) in rats bearing transplantable colon carcinoma was inves
tigated. A steady-state plasma level of 375 /Â¿MdThd was
achieved within 3 h after initiation of a 24-h infusion of dThd (7
g/kg/day) with a concomitant 80% reduction in circulating 2'-

deoxycytidine levels. Complete recovery to control values oc
curred within 6 to 8 h after termination of the infusion. Under the
conditions of dThd infusion, the intracellular levels of 2'-deoxy-
cytidine 5'-triphosphate rose from 0.15 to 60 pmol/mg tumor

tissue, from 2.5 to 15 pmol/mg intestinal tissue, and from 0.07
to 0.25 pmol/106 bone marrow cells. During the steady-state

plasma concentration of dThd, the intracellular concentration of
2'-deoxycytidine 5'-triphosphate in tumor tissue was reduced

by 50% at 6 h after the initiation of dThd treatment with a
complete recovery 9 h thereafter.

Differences in the capacity of tumor and host normal tissues
to recover from the effects of dThd pretreatment were evaluated
by measuring decreasing 1-ÃŸ-D-arabinofuranosylcytosine 5'-tri-

phosphate formation with time following dThd infusion. The
ability to accumulate 1-/3-D-arabinofuranosylcytosine 5'-triphos-

phate was reduced by 60 to 80% in normal tissues by 3 h after
cessation of the dThd infusion but was decreased by only 15%
in the tumor. These results suggested that delaying ara-C admin

istration following dThd might result in less host toxicity while
maintaining the antitumor effect. Sequential infusion of dThd (7
g/kg/day) for 24 h followed 3 h later by a 48-h infusion of ara-C

(175 mg/kg/day), was as effective in reducing tumor mass as
was dThd infusion immediately prior to ara-C and resulted in

reduced host toxicity (less weight loss). The best schedule for
the dThd-ara-C combination was two courses of alternating 24-
h sequential infusions of dThd and ara-C with a 3-h delay in ara-

C administration following dThd.
These data show that under the conditions used, reductions

in intracellular 2'-deoxythymidine 5'-triphosphate pools by dThd

in vivo do not appear to correlate with the antitumor activity of
the dThd-ara-C combination. Intracellular 1-0-D-arabinofurano-
sylcytosine 5'-triphosphate accumulation, however, was pro

longed in rat colon tumor compared to normal tissues, and
selectivity of the dThd-ara-C combination in favor of the tumor

could be achieved by schedule modification.
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INTRODUCTION

ara-C4 has been widely used in the treatment of human acute

myeloblastic leukemia as a single agent or in combination (10,
16, 35). Although the mechanism through which ara-C inhibits

DMA synthesis is not entirely clear, the effectiveness of this
agent has been shown to depend upon its phosphorylation to
ara-CTP (8, 9,25, 33, 35). This nucleotide may then serve as an

inhibitor of DNA polymerase (17, 18) or may become incorpo
rated into nucleic acids (18, 29). Kufe et al. (29) have suggested
that incorporation of ara-C into DNA may be the primary lethal
mode of action of ara-C. In addition, ara-C may undergo deami-
nation at the nucleoside or monophosphate level (4-6, 21 ). The
metabolism and biological effects of ara-C have been extensively

reviewed (10).
The concentration of the active anabolite of ara-C, ara-CTP,

and the duration of its retention in the target cells have been
implicated as being critical to the response to ara-C (7, 24, 25,

32, 35). Plagemann ef al. (31) reported that, in cultured Novikoff
hepatoma cells, dCTP inhibited the formation of ara-CTP, pre

sumably by feedback regulation of deoxycytidine kinase (13,22).
dCTP can also antagonize competitively the In vitro inhibition of
DNA synthesis by ara-CTP (17, 18, 40). Tattersall ef al. (37)

observed elevated dCTP levels in leukemic cells from patients
resistant to ara-C therapy but were unable to identify a single

biochemical characteristic which was uniformly associated with
clinical ara-C resistance. Several investigators have also reported

that decreasing the synthesis of dCDP and, hence, dCTP through
the use of hydroxyurea, an inhibitor of ribonucleotide reductase
activity, in combination with ara-C resulted in enhanced intracel
lular activation of ara-C to ara-CTP both in vitro and in vivo (31,

38, 39). These observations suggest that the extent of cellular
sensitivity to ara-C may be dependent to a large degree upon
the relative levels of ara-CTP and dCTP attained in the treated

cell.
The usefulness of dThd to enhance the activity of ara-C has

been investigated (2, 3, 12, 19, 20, 26, 36). The pathways for
the potential influence of dThd on ara-C metabolism are illus

trated in Chart 1. Treatment of cells in culture with dThd has
been noted to decrease intracellular dCTP levels (1,14, 23, 30),
presumably through inhibition of ribonucleotide reductase by high
levels of dTTP. Grant ef a/. (19) demonstrated that maximum
reduction of intracellular dCTP pools occurred after a 5-h expo
sure to 100 /IM dThd. Kinahan ef al. (26) showed that exposure
of cultured L1210 cells to 350 UM dThd led to a 71% inhibition
of cell growth. Treatment with 0.04 Â¿IMara-C produced a 60-fold

'The abbreviations used are: ara-C, 1-/3-D-arabinofuranosylcytosine; ara-CMP,
ara-CDP, and ara-CTP, the 5'-mono-, -di-, and -triphosphates, respectively, of 1-

/3-D-arabinofuranosylcytosine; ara-U, 1-/3-arabinofuranosyluracil; dThd, deoxythy
midine; HPLC, high-performance liquid chromatography; dCyd, 2'-deoxycytidine;
ara-UMP and ara-UTP, the 5'-mono- and -triphosphates, respectively, of 1-/3-D-

arabinofuranosyluridine.
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Chart 1. Influence of dThd on normal pyrimidine and ara-C metabolism.

and =, inhibition; , incorporation into DMA.

increase in the rate of ara-CTP incorporation into nucleic acids.

Addition of dCyd to the growth medium reversed both the growth
inhibition and the enhanced incorporation. Treatment of L1210
tumor-bearing mice with dThd prior to ara-C was subsequently
found to augment the antitumor activity of ara-C relative to ara-

C alone.
Recent clinical experience in patients with relapsed leukemia

treated with continuous i.v. infusions of dThd prior to and con-
comitantly with ara-C showed that 2 of 6 patients achieved
complete remission during the trial (2). The degree of S-phase
arrest of leukemic cells post-dThd did not correlate with remis

sion induction; however, 3 of 5 patients had a significant increase
in the incorporation of [3H]dCyd into DNA following dThd infusion.
In another study (15), 9 of 21 patients with leukemia and lym-

phoma refractory to conventional therapy showed some thera
peutic response (decrease in circulating blasts, partial remission)
and, in circulating blasts obtained from 2 patients examined,
dThd enhanced the incorporation of ara-C into DNA. Results of

an investigation of the effects of dThd (30 g/sq m/day) on the
metabolism of ara-C (50 mg/sq m/day) and on the cell cycle
parameters of human bone marrow cells obtained from patients
with solid tumors and acute leukemia suggested a possible
relationship between the increased ara-CTP pools in bone mar
row cells and toxicity to treatment with dThd and ara-C (36).

This laboratory has shown previously that dThd administered
prior to ara-C via continuous i.v. infusion into rats bearing colon
tumor reduced the circulating levels of dCyd in rat plasma,
augmented the antitumor activity of ara-C, and increased the
formation of ara-CTP in tumor and host normal tissues (12). In

this paper, investigations were undertaken to further evaluate
the biochemical basis for the in vivo enhancement of the antitu-
mor activity of ara-C by dThd.

MATERIALS AND METHODS

Chemicals and Radiolabeled Compounds. |5-3H |ara-C (26 Ci/mmol)

was purchased from Amersham/Searte Corp., Arlington Heights, IL. ara-

C and dThd were supplied by Sigma Chemical Co., St. Louis, MO. The
purity of these compounds was 97 to 98% as determined by HPLC.

Infusion Procedures i.v. Female Fischer rats (8 to 14 weeks old, 100
to 150 g), obtained from Charles River Breeding Laboratories, Wilming
ton, MA, were provided a standard pellet diet and water ad libitum.
Solution preparation, i.v. infusion methodology, and determination of
toxicity by weight loss were performed as described previously (11,12).

Tumor Implantation and Antitumor Activity. Rat colon carcinoma
was used, and tumor growth inhibition was assessed as described earlier
(12). From our previous study (12), we determined that administration of
dThd prior to ara-C was more efficacious than ara-C alone or concurrent
dThd and ara-C. Thus, for this investigation, we chose the optimum
doses of dThd (7 g/kg/day) and ara-C (175 mg/kg/day) reported in that

study to examine the biochemical parameters described herein.
ara-CTP Measurements. Tumor-bearing rats were infused for 24 h

with dThd (7 g/kg/day), and immediately ("0" h) or at 3, 6, and 24 h after

cessation of the infusion, 0.2 mCi of [5-3H]ara-C containing 10 mg of

unlabeled ara-C per ml in 0.65 ml of 0.9% NaCI solution (saline) were

injected through the tail vein via a syringe and needle attached to the
infusion tubing, which had been cut to within 2 inches of the site of
cannulation. Following administration of the drug, 0.2 ml of saline were
forced through the cannula to flush any residual radiolabel into the animal.
One h later, rats were ether anesthetized, and the tumor, intestines, and
bone marrow were removed and processed as described previously (12).
Levels of ara-CTP in rat colon tumor and in normal bone marrow and

intestinal cells were determined by HPLC (34, 35).
Quantitation of dCTp and dTTP. At various times during (3,6,9,12,

and 24 h) a 24-h infusion with dThd (7 g/kg/day) and posttreatment (36,

40, and 48 h), rats were ether anesthetized; blood, tumor, bone marrow,
and intestines were removed; and the acid-soluble extracts of these
samples were prepared (12). One-half of each sample (except for plasma)

was analyzed for dCTP and dTTP levels (27), while the other half was
retained for quantitation of dThd and dCyd by HPLC (12).

Measurement of Radioactivity. Following injection of 10 or 20 pi of
the acid-soluble extracts onto the HPLC columns, effluents were col
lected at 1,5-min intervals directly into counting vials. After the addition

of 10 ml of aqueous counting scintillant, radioactivity was measured in a
Packard Tri-Carb Model 330 liquid scintillation spectrometer with 35%

efficiency for tritium.

RESULTS

Effect of dThd Pretreatment on ara-CTP Metabolism. Chart

2 represents a HPLC Chromatographie separation of normal
ribonucleotides and [5-3H]ara-C anabolites found in tumors of
rats given injections of an i.v. push of [5-3H]ara-C immediately

following infusion of saline or dThd. dThd pretreatment (Chart
2C) increased the amounts of ara-C and its anabolites, including
those of ara-CTP.

ara-C metabolism at various times after the cessation of

continuous infusion of dThd was studied, and the results are
summarized in Chart 3. ara-CTP was measured 1 h after ara-C
administration, which followed at 0- to 24-h intervals post-dThd
infusion. The results indicate that levels of ara-CTP were higher

initially (just before termination of dThd infusion) in normal host
tissues than in colon tumor tissues. In the tumor, a 3-h delay in
administering ara-C after cessation of the dThd infusion was
associated with only a 15% reduction in the 1-h ara-CTP intra-
cellular generation relative to the 0-interval value. By comparison,

the intestines and bone marrow cells had a 70 and 62% reduc
tion, respectively, in ara-CTP formation at 3 h versus O h post-
dThd. By 6 h post-dThd infusion, the capability of the tumor and
host tissues to form ara-CTP was comparable to that of saline-

infused controls.
Effect of dThd on the Antitumor Activity of ara-C. The

antitumor activity of ara-C administered 3 h after the termination

of dThd infusion was investigated, and the results are summa
rized in Chart 4. The data show that the antitumor activity of
ara-C was the same whether or not its infusion was delayed

following dThd pretreatment; however, the group that received
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Chart 2. A representative HPLC Chromatographie separation of ribonucleoside
mono-, di-, and triphosphates and ara-CTP in the acid-soluble extracts of rat colon
carcinoma. Rats were infused for 24 h with saline (B) or dThd (7 g/kg/day; C)
followed immediately by an i.v. bolus of 0.2 mCi [5-3H]ara-C (26 Ci/mmol) containing
6.5 mg of unlabeled ara-C. Tumor samples were removed 1 h later. Analysis was
performed on a Dupont 830 HPLC equipped with a U-shaped ABX anion-exchange
column. Eluates were monitored with the 254-nm detector set up at 0.08 absor-
bance units, full scale ( ). Elution was carried out using a linear gradient of
phosphate buffer (2.5 mM, pH 3.0, to 0.5 M, pH 4.4) from zero to 100% of secondary
buffer (0.5 M) in 33 min at 600 psi, yielding a flow rate of 0.6 ml/min. Radioactive
material ( ) eluting in the areas of ara-C metabolites was collected at 1.5-min
intervals directly into counting vials and counted. The standard mixture of ribonu-
cleotides (/Â»)included: 1, CMP; 2, AMP; 3, UMP; 4, IMP; 5, GMP; 6, CDP; 7, ADP;
8, UDP; 9, GDP; 10, CTP; 11, ara-CTP (not included in the mixture); 12, UTP, 13,
ATP; and 14, GTP. Radioactivity contained in Peak a includes ara-C, ara-U, ara-
CMP, and ara-UMP. Peak b represents ara-CDP, and Peak c, ara-UTP.
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Chart 3. Profile of ara-CTP formation at various times after dThd infusion. Rats
were infused for 24 h with dThd (7 g/kg/day) or saline. At various times after
termination of the infusion, rats were given injections i.v. of 0.2 mCi of [5-3H]ara-C
(26 Ci/mmol) containing 6.5 mg of unlabeled ara-C. Tumors and host tissues were
removed 1 h later. The acid-soluble extracts were analyzed by HPLC, and radio
activity eluting in the region of ara-CTP was collected into vials and counted. ara-
CTP levels were expressed as percentage of control. Control values for tumor,
bone marrow, and intestines were, respectively, 0.38 Â±0.16, 0.15 Â±0.08, and
2.43 Â±0.72 pmd/g tissue (for bone marrow cells, approximately 10" cells were

made equivalent to 1 g). Each point represents 3 rats.

3-h-delayed ara-C post-dThd showed less weight loss [9 Â±2%
(SE)for delayed ara-C post-dThd versus 14 Â±1% for ara-C post-
dThd with no delay in ara-C administration] and a generallybetter
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Chart 4. Sequential dThd with and without delayed ara-C infusion and their

effects on tumor growth in rats. Rats were infused for 24 h with a pretreatment
dose of dThd (Tttfl; 7 g/kg/day) followed immediately (D) or after 3 h (A) with a 48-
h infusion of ara-C (175 mg/kg/day). Control rats were infused with saline for 72 h
(O). Each point represents 8 rats.

appearance (less fur discoloration, more alert and active) than
the group receiving ara-C immediately after dThd.

Comparisons of chemotherapeutic efficacy were made be
tween tumor-bearing rats pretreated for 24 h with an infusion of
dThd, followed immediately or after 3 h with a 48-h infusion of
ara-C, and those that receivedan alternating sequential schedule
of 24-h infusions of dThd with or without a 3-h delay in the
infusion of ara-C for a total of 96 h. The results are shown in
Chart 5. The total ara-C dosage in both regimens was the same,
whereas the total dThd dose receivedon the alternating schedule
was twice that administered to the first group. There were no
significant differences in the tumor growth inhibitions resulting
from a single course of either regimen, with or without delayed
ara-C administration. The increased antitumor activity seen on
Days 6 and 7 after the start of the alternating infusion schedule
was probably a reflection of increased weight loss (toxicity).
Rapid tumor regrowth and animal weight gain occurred in all
groups posttreatment. A second course of therapy, 13 days after
the first course, produced a similar profile of tumor regression.
Rats receivingdThd prior to 48 h of ara-C with or without a delay
in ara-C administration still showed no increase in life span over
controls. Rats infused a second time with the alternating sched
ule (no delay in ara-C) had a 20% weight loss in contrast to a
5% weight loss in rats receiving the alternating sequential sched
ule with a delay in the ara-C infusion. Alternating 24-h dThd-ara-
C treatment schedules with or without delayed ara-C postponed
tumor regrowth to 20 days, whereas treatment with either one
or 2 courses of dThd followed immediately or after 3 h by ara-C
for 48 h delayed tumor regrowth for only 9 and 14 days,
respectively (P< 0.05 using the Student-Newman-Keuls multiple
comparison test). Only the rats that received 2 courses of the
alternating schedule with a 3-h delay in ara-C, however, showed
any increase in life span (15%) beyond controls.

Levels of dCyd, dThd, dCTP, and dTTP during and Postin-
fusion of dThd. As shownin Chart 6, the steady-statelevelof
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Chart 5. Effect of various schedules of the sequential combination of dThd and
ara-C on rat colon carcinoma in vivo. Rats were implanted s.c. with 100 mg of
colon tumor 10 days prior to chemotherapy. Two schedules were compared. In
one, rats were pretreated for 24 h with dThd (TdR; 7 g/kg/day) followed immediately
(A) or after 3 h (A) with a 48-h infusion of ara-C (175 mg/kg/day); In the second
schedule, rats were infused with dThd (7 g/kg/day) for 24 h prior to a 24-h infusion
of ara-C (175 mg/kg/day) given immediately (â€¢)or after 3 h P) post-dThd. This
schedule was repeated once immediately following ara-C infusion. Thus, the dose
of ara-C received during either schedule was the same (total dose, 350 mg); only
the total dThd dose was increased. Thirteen days following initiation of the infusions,
when the rats were gaining weight and the tumors were regrowmg. Treatment
Schedules 1 and 2 were repeated. Control rats were infused with 2 courses of a
72-h infusion of saline (â€¢).Each point represents 4 to 5 rats.

dThd in rat plasma was achieved within 3 h after initiation of the
dThd infusion, while a return toward control values was observed
within 3 h postinfusion. Concomitantly, circulating levels of dCyd
were reduced by 80% within 3 to 6 h after the start of the dThd
infusion. Recovery toward control occurred 6 to 8 h after termi
nation of the infusion. The intracellular levels of dTTP and dCTP
during and after a 24-h infusion of dThd in rat colon tumor,
intestines, and bone marrow cells were also monitored, and the
results are illustrated in Chart 7. In all tissues, dTTP was elevated
within 3 to 6 h after initiation of the dThd infusion with levels of
60 pmol/mg, 15 pmol/mg, and 0.25 pmol/106 cells being

achieved in the tumor, intestines, and bone marrow cells, re
spectively. Recovery of dTTP toward control occurred within 3
h postinfusion of dThd in bone marrow cells and within 9 h after
dThd infusion in the tumor and intestines. No apparent change
in dCTP levels was observed in the bone marrow cells during or
after dThd infusion. The dCTP content of intestinal cells doubled
3 h after the start of the dThd infusion. These levels remained
elevated until 6 h post-dThd treatment. In tumor cells, dCTP
levels dropped by 50% after 6 h, slowly returned toward control
values by the end of the infusion, and then continued to rise up
to 9 h after termination of the dThd infusion.

DISCUSSION

This laboratory has reported previously enhancement of the
toxicity, antitumor activity, and triphosphate formation of ara-C

5 10 15 20 25 30 35 40 45 50

HOURS AFTER INITIATION OF THE THERAPY
Chart 6. Time course for attainment of the steady-state level of dThd with a

concomitant reduction in the dCyd (CdR) level in rat plasma. Rats were infused for
24 h with dThd (1.7 g/kg/day), and at various times during and postinfusion, rats
were anesthetized, blood samples were obtained, and the acid-soluble extracts of
the plasma were prepared and analyzed as described under "Materials and Meth
ods." The levels of dThd (O) and dCyd (A) are shown. The points plotted on the

ordinate represent control or pretreatment values. Each point represents 2 rats.
Similar results could be obtained using dThd (7 g/kg/day) except that the steady-
state level of dThd was 375 MM.

following dThd pretreatment (12). Furthermore, it was suggested
that decreased circulating levels of dCyd in the rat as a conse
quence of dThd infusion might reflect an intracellular reduction
in dCTP pools. This study evaluated differences in the ability of
tumor and normal host tissues to recover from the effects of
dThd pretreatment and measured alterations in dTTP and dCTP
pools both during and after dThd infusion.

Chou ef al. (8) and Rustum (33) showed that the duration of
retention of ara-CTP levels in L1210 leukemia in vivo was longer
than that in host tissues and correlated with the chemotherapeu-
tic efficacy of ara-C against that tumor. In addition, Rustum and
Preisler (35) demonstrated that, in patients with acute myeloge-
nous leukemia, the critical determinant of the response to ara-C
was tumor cell retention of ara-CTP. On the basis of this infor
mation, it is possible that the intracellular retention of ara-CTP

by normal bone marrow and intestinal cells was significantly
shorter than that observed for tumor cells. Although ara-CTP

retention studies were not performed, the results illustrated by
Chart 3 measured decreasing ara-CTP accumulation with time,

reflecting the diminishing effects of dThd. The ability to accu
mulate ara-CTP was reduced by 60 to 80% in normal tissues at

3 h after cessation of the dThd infusion but was decreased by
only 15% in the tumor. These results suggested that delaying
ara-C administration following dThd might provide a selective

advantage resulting in less host toxicity while maintaining the
antitumor effect. Chart 4 showed that sequential dThd, followed
3 h later by ara-C, was as effective in reducing tumor mass as
dThd infusion immediately prior to ara-C. Moreover, this regimen

resulted in reduced host toxicity (less weight loss) as was
predicted. Additional studies showed that the optimal schedule
for chemotherapeutic activity was the alternating dThd-ara-C
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Chart 7. Levels of dTTP and dCTP in rat
tumor and host tissues during and after infusion
of dThd (TdR). Rats were infused for 24 h with
dThd (7 g/kg/day). At various times during and
after infusion, rats were anesthetized. Tumor
(Li), intestines (A, pmol/mg), and bone marrow
(O, pmol/10* cells) were removed, frozen, and
extracted as described in "Materials and Meth
ods." Samples were then analyzed for dTTP

and dCTP content. Points, mean of 3 rats; bars,
SO. Each determination was performed in tri
plicate. Control values for each deoxyribonu-
deotkte appear at the 0 time point (before dThd
infusion). dNTP, deoxyribonudeoside triphos-

phate.
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schedule with a delay in the administration of ara-C. This is not
to suggest, however, that the 3-h delay was optimal, since no
other times were tested, merely that a delay in ara-C following
dThd was better than no delay in ara-C post-dThd. Thus, from

these data, it appears that the differential ability of tumor versus
normal host tissues to form ara-CTP at various times after dThd
treatment rather than the initial levels of ara-CTP formed imme
diately post-dThd was important to the selectivity of the dThd-
ara-C combination.

Enhanced activation of ara-C to its triphosphate level following

dThd might result from reduced synthesis of dCTP subsequent
to the inhibition of ribonucleotide reducÃase by high levels of
dTTP. Studies performed to determine dTTP and dCTP levels
during and post-dThd infusion (Chart 7) showed that dCTP levels

were elevated to a greater extent in the tumor than in the
intestines and bone marrow cells; however, tumor dCTP levels
dropped by 50% within 6 h after initiation of the dThd infusion.
These levels had returned to control values by the end of the
dThd infusion, even in the presence of high levels of dTTP.
Kinahan et al. (26) have shown that exposure of L1210 cells in
culture to 5.6 /*MdThd reduced the dCTP pool by 40% of control
and that further increases in dThd (up to 150 MM)did not produce
a further decrease in dCTP. In the present study, plasma dCyd
levels were not depleted by dThd but were maximally reduced
to 4 to 5 UM (Chart 6). Such circulating levels of dCyd might be
sufficient to provide the cell with its total requirements for dCTP.
Thus, dCTP levels in the tumor could be maintained even in the
presence of dTTP.

From these data, it appeared that the increase in ara-C acti
vation to ara-CTP by dThd was not the result of a reduction in

the level of dCTP by dTTP in either the tumor or the normal

tissues. Lowe and Grindey (30) could also not correlate the
inhibition of L1210 tumor growth in vitro by dThd with the
reduction in the dCTP pool. Studies by IvÃ©sand Durham (13,
22), using highly purified calf thymus dCyd kinase, demonstrated
that dCTP inhibited ara-C phosphorylation and implicated dTTP

as being a regulator of dCTP inhibition. These investigators
showed that the inhibition by dCTP of dCyd phosphorylation
could be overcome by dTTP at low dCyd concentrations and
that dTTP was able to stimulate dCyd kinase under these
conditions by increasing the apparent affinity of the enzyme for
dCyd. Similar results were obtained using ara-C as a substrate.
Thus, dTTP could enhance the phosphorylation of ara-C in the

presence of a constant level of dCTP. Kinahan et al. (26) and
Kowal and Grindey (28) have suggested that such a phenomenon
may play a role in the chemotherapeutic activity of the sequential
dThd-ara-C combination in L1210 tumor-bearing mice.

Finally, the selectivity of the 3-h delay schedule is not entirely
explained by the biochemical data, since ara-CTP and deoxyri-
bonucleoside triphosphate alterations in target tissue cell sub-

populations may not be reflected in the population as a whole.
A selective effect of dThd on these subpopulations might there
fore be missed. Alternative schedules with more dramatic evi
dence of biochemical selectivity might be necessary if a mean
ingful improvement in ara-C efficacy is to be expected. It must

also be mentioned that the observed differences in the antitumor
activity of the various dThd-ara-C combinations fell within a very

narrow range and that none of these regimens increased the
survival time of rats bearing colon tumors. This may simply be a
result of too short a treatment course, since 2 courses of
alternating dThd-ara-C infusions with delayed ara-C produced a

slight (10 to 15%) increase in life span. The major point to be
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made, however, is not that an increased tumor growth inhibition
was obtained but that some selectivity of the dThd-ara-C com

bination in favor of the tumor could be achieved. Augmentation
of this selective effect might therefore be possible with further
schedule modifications.
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