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SUMMARY Tumor hypoxia can significantly impact the efficacy of cancer therapy. Pen-
toxifylline, a methylxanthine derivative, can improve oxygen delivery to tissues and is
widely used in the treatment of peripheral vascular disease and various cerebrovascular
disorders. In this article, we show that pentoxifylline, combined with oxygen breathing,
significantly improves the radiation response of two experimental tumors in vivo through
improved tumor oxygenation. We also demonstrate that pentoxifylline does not directly
radiosensitize EMT6 cells in vitro and does not modify the tumor radiation response when
administered postirradiation to solid EMT6 tumors. Our findings confirm that preirra-
diation administration of pentoxifylline can improve radiation efficacy, but suggest that its
role as a postirradiation modifier of treatment response, reported by others, may be
tumor-specific. Int. J. Cancer (Radiat. Oncol. Invest.) 90, 256–264 (2000).
© 2000 Wiley-Liss, Inc.
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INTRODUCTION

The hypoxic and acidic microenvironments within
tumors offer unique targets for anticancer interven-
tion. Hypoxic tumor cells can be up to 3 times more
resistant to radiation than their oxic counterparts
[1]. Attempts to improve the efficacy of radio-
therapy and chemotherapy by modifying tumor
oxygenation has been an area of active research for
many years [2–5]. Indeed, as early as 1930 Fischer-
Wasels [6] was using carbogen breathing during
radiotherapy to improve tumor oxygenation and ra-
diation response in cancer patients.

One experimental combination therapy uti-
lizes the improved blood-oxygen saturation achiev-
able with carbogen breathing [7,8] in combination
with the vitamin B3 analog, nicotinamide, which
normalizes tumor blood flow [9] and may increase

DNA damage following irradiation via DNA repair
inhibition [10,11]. The combination of nicotin-
amide plus carbogen breathing can improve radia-
tion response significantly in experimental animal
tumors in vivo [12]. This finding has stimulated a
number of clinical trials in tumors of the head and
neck, bladder, and brain [13]. However, these trials
have shown that the doses of nicotinamide required
to achieve improved radiation response often
induce nausea, vomiting, and headaches [13]. A
low incidence of renal dysfunction has also been
noted [13,14], which can be exacerbated when nic-
otinamide and carbogen are combined with other
medications, for example, the anticonvulsant, phe-
nytoin [13].

These side effects have stimulated an interest
in evaluating other agents that might replace nico-
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tinamide. One possible candidate is the methylxan-
thine derivative pentoxifylline, which is currently
in Phase I/II trials in both Europe and the USA
[15,16]. This drug has been used for many years in
the treatment of peripheral vascular disease, vari-
ous cerebrovascular disorders, and in other condi-
tions in which an amelioration of impaired or in-
adequate blood flow is beneficial [17,18].
Pentoxifylline is usually well-tolerated. Gastroin-
testinal symptoms have been recorded as a side
effect, but the occurrence rate is not significantly
different than that observed in patients receiving
placebo [18].

Pentoxifylline has several modes of action: in-
creased red cell deformability; reduced blood vis-
cosity as a result of decreasing platelet aggregation
and thrombus formation; vasodilation; increased
leukocyte filterability; and various immunological
effects [18–24]. These effects can reduce the inci-
dence of acute hypoxia by improving blood deliv-
ery to tortuous vascular beds. Mouse studies have
shown significant improvements in tumor oxygen-
ation and perfusion, accompanied by increases in
tumor radiation response [25–30]. Several investi-
gators have also shown that, in vitro, administering
pentoxifylline after irradiation can increase cell
death by preventing the radiation-induced cell
cycle block at G2/M [31,32], thereby forcing cells
into premature, and fatal, cell division. Pentoxifyl-
line has also been reported to potentiate the effects
of certain antineoplastic drugs [33,34].

This article examines the effects of pentoxi-
fylline on tumor oxygenation, measured with an
Eppendorf pO2 histograph, and on the radiobiologi-
cal hypoxic fraction. We also investigated the ef-
fect of pentoxifylline administered after irradiation
to look for effects on postirradiation proliferation
and repair which might influence the radiation re-
sponse of tumors in vivo.

MATERIALS AND METHODS

Animals and Tumor Models

Two tumors were used for these studies, the EMT6
mouse mammary carcinoma and the BA1112 rat
rhabdomyosarcoma. The EMT6 mouse mammary
carcinoma was grown in BALB/c Rw mice aged
approximately 2.5 months. EMT6 tumors (subline
EMT6-Rw) were implanted by injecting 2 × 105

cells, harvested from exponentially growing cell
cultures, either intradermally in the skin of the
flank for clonogenic assays, or subcutaneously into
the rear dorsum for pO2 measurements. The rear
dorsal site was preferable for the pO2 studies be-

cause it allowed easier access to the tumor with the
pO2 electrode. EMT6 tumors grown in the flank
and rear dorsum do not exhibit significant differ-
ences in growth rate, clonogenicity, or oxygenation
(data not shown). Tumors were selected for treat-
ment when they had reached approximately
100 mm3 in volume (approximately 2 weeks
postinoculation).

BA1112 tumors were implanted by injecting
7,500 cells into the subcutaneous tissue between
the ears of 8–10-week-old WAG/rij-Y rats. Tumors
were maintained by inoculating single-cell suspen-
sions prepared from solid tumors. Tumors were
studied 3 to 4 weeks postinoculation, when they
had reached approximately 300–400 mm3 in volume.

All protocols used with experimental animals
were reviewed and approved in advance by the
Yale Animal Care and Use Committee. All experi-
ments were performed in full compliance with gov-
ernmental, AAALAC, and institutional regulations
and with the principles outlined in the USPHS
Guide.

Pentoxifylline

Pentoxifylline (Sigma, St. Louis, Mo) was prepared
fresh for each experiment at a concentration of 12
mg/ml by dissolving the drug in sterile, pyrogen-
free, physiologic saline. The drug was administered
intraperitoneally (i.p.) at a dose of 50 mg/kg, 15
min prior to pO2 measurement or irradiation. This
schedule appeared optimal in preliminary experi-
ments investigating the effect of a wide range of
pentoxifylline dose–time combinations on the oxy-
genation of EMT6 tumors in vivo (data not shown).
For experiments examining the effect of postirra-
diation administration of pentoxifylline, the drug
was given i.p. at a dose of 50 mg/kg immediately
after irradiation. Two additional injections of 50
mg/kg were administered, 1 and 2 hr later. This
regimen was based on the clearance pharmacoki-
netics of Honess et al. [25] and was expected to
produce plasma levels of∼50 mg/ml (0.2 mM) for
at least 3 hr postirradiation.

Tumor Irradiation

Unanesthetized mice were placed in individual
chambers of plastic gassing-irradiation boxes, and
were allowed to breathe either air or 100% oxygen
before and during irradiation. Similarly, unanesthe-
tized rats were restrained in single-animal plastic
restraint boxes, designed to localize the tumors in a
defined position, and then gassed with the appro-
priate gas before and during irradiation. All irra-
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diations were performed using a Siemans Stabili-
pan x-ray machine set at 250 kV and 15 mA. The
mean dose rate for the mouse experiments was 1.3
Gy/min, and for the rat experiments, 2.4 Gy/min.

Measurement of Clonogenic
Cell Survival

Full details of the procedures used with the EMT6
and BA1112 tumors have been reported previously
[35,36]. Briefly, immediately following treatment
tumors were excised, minced, and digested with
trypsin. Cells were recovered by centrifugation, re-
suspended in cell culture medium and counted us-
ing Trypan blue exclusion. Known numbers of cells
were plated in Petri dishes containing nutrient me-
dia and incubated at 37°C in a humidified incubator
in an atmosphere of 95% air / 5% CO2 for 14 days.
The colonies were fixed, stained with crystal violet,
and counted. The surviving fractions were calcu-
lated using the plating efficiencies of untreated
controls plated on the same day. Pooled tumors
from 3–5 animals per treatment group were used in
clonogenic assay with EMT6 tumors. These experi-
ments were repeated 3–9 times. Clonogenic assays
with BA1112 tumors used one animal per treatment
group and were repeated 6–13 times. The control
plating efficiencies averaged 38 ± 3% for the
EMT6 tumors and 47 ± 5% for the BA1112 tumors
in these experiments.

Oxygen Measurements

Oxygen measurements were performed using an
Eppendorf pO2 histograph (Eppendorf KIMOC
6650, Hamburg, Germany). Full operational details
for this machine have been described previously
[37]. Oxygen measurements in EMT6 tumors were
performed on unanesthetized mice restrained in
plastic jigs, while, for practical reasons, measure-
ments in BA1112 tumors were performed on rats
anesthetized with an i.m. injection of 1 mg/kg ace-
tylpromazine plus 50 mg/kg ketamine (Fort Dodge
Animal Health, Fort Dodge, Iowa). A reference Ag/
AgCl electrode (LMI Medical, Grand Rapids,
Mich.) was attached to a shaved region on the back
of each animal, and animals were positioned on a
thermal barrier (Vetko, Colo.) to minimize de-
creases in core temperature under anesthesia. Ani-
mals breathed either atmospheric air or 100% oxy-
gen delivered via a nose cone. Using a net step
length of 0.6 mm, a total of 40–100 pO2 measure-
ments were made along six tracks through each
tumor. All oxygen measurements were postcali-
brated to account for barometric pressure and tu-
mor temperature.

Effect of Pentoxifylline on EMT6
Cells in Culture
One million EMT6 cells were seeded into glass
milk dilution bottles containing 10 ml of Way-
mouth’s MB 752/1 medium (Gibco, Grand Island,
NY), supplemented with 15% of a 1:1 mix of fetal
bovine serum (Gibco) and Fetal Clone (Hyclone,
Logan, Utah), fungizone (250mg/ml; Gibco), peni-
cillin/streptomycin (10000 U/ml penicillin, 10000
(mg/ml streptomycin; Gemini Bio-Products, Cala-
basas, Calif.), and gentamycin (50 mg/ml; Gibco).
The cells were then incubated at 37°C in a humidi-
fied incubator gassed with 95% air / 5% CO2. Cells
were studied both in mid-exponential growth (3
days after seeding) and in plateau phase (6 days
after seeding). Medium was changed daily for pla-
teau phase cultures on days 4 through 6. Pentoxi-
fylline was added 15 min prior to irradiation with
10 Gy of x-rays and cultures were incubated in the
presence of pentoxifylline for an additional 24 hr
postirradiation. Four drug concentrations were cho-
sen: 0.2 mM (roughly equivalent to the peak
plasma levels produced by an in vivo dose of 50
mg/kg) [25], 0.5 mM, 1 mM, and 2 mM (∼10 times
the peak in vivo concentration). Cells were sus-
pended for clonogenic assay via trypsinization and
were plated in Petri dishes in a manner identical to
that described for the in vivo / in vitro clonogenic
assays. Plating efficiencies in these experiments
were 76 ± 5% for exponentially growing cultures
and 55 ± 5% for plateau cultures.

Data Analysis
Surviving fractions for individual experiments
were calculated relative to the contemporaneous
plating efficiencies and are shown as geometric
means with SEMs. From the pO2 values obtained
for each tumor a median and a percentage of read-
ings less than 2.5 mmHg were calculated and then
averaged for each treatment group. SEMs were also
calculated and oxygen distributions, expressed as
histograms, were computed from the pooled data.
Mann-Whitney U-tests were used to compare oxy-
gen tensions in different groups. Significance was
set at 95% (P 4 0.05) for all analyses. Survival
data at a single radiation dose were compared using
Mann-Whitney U-tests. Survival curves were fitted
by regression analyses and compared at the mid-
points of the curves using standard statistical tech-
niques for comparing regression lines.

RESULTS
Figures 1 and 2 show the effect of oxygen breath-
ing and pentoxifylline on the oxygenation of EMT6
and BA1112 tumors, respectively. The histograms
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for both tumors show significant proportions of
readings less than 2.5 mmHg, i.e., at oxygen ten-
sions which could induce radioresistance. In both
tumors, the pO2 histograms for animals breathing
100% O2 showed increased proportions of readings
at high pO2’s; however, there were no significant
changes in the median pO2 or in the percent of
readings <2.5 mmHg (P > 0.05). Similarly, single
injections of 50 mg/kg pentoxifylline did not sig-
nificantly alter the oxygenation of either tumor, as-

sayed 15 min after injection (P > 0.05). The com-
bination of pentoxifylline and oxygen breathing
produced greater changes in the oxygenation of
both tumors. In the case of the EMT6 tumors, a
significant increase in median pO2 was seen (P <
0.05), although the decrease in the proportion of
readings less than 2.5 mmHg did not quite reach
significance (P 4 0.06) (Fig. 1D). A similar trend
was evident in the BA1112 data. Control tumors
had a median pO2 of 7.7 mmHg (Fig. 2A), which
increased slightly to 8.9 mmHg when the animals
breathed 100% oxygen (Fig. 2B), but further in-
creased to 10.1 mmHg when animals breathed
100% oxygen in combination with pentoxifylline
(Fig. 2D). The increases in tumor oxygenation seen
with the electrode measurements were consistent
with the changes in the survival curves, presented
in Figures 3 and 4.

Figure 3 shows the effect of pentoxifylline
alone and in combination with oxygen breathing,
on the survival curve for cells from EMT6 tumors
in vivo. The four survival curves are parallel. There

Fig. 1. Effect of pentoxifylline on the oxygenation of
EMT6 tumors.A: Control (median pO2 4 3 ± 0.3 mmHg;
pO2 readings <2.5 mmHg4 41 ± 4%).B: Oxygen breath-
ing (median pO2 4 4 ± 1 mmHg; pO2 readings <2.5 mmHg
4 38 ± 7%).C: Pentoxifylline only i.p., 50 mg/kg (median
pO2 4 4 ± 0.1 mmHg; pO2 readings <2.5 mmHg4 17 ±
7%). D: Pentoxifylline plus oxygen breathing (median pO2

4 8 ± 3 mmHg; pO2 readings <2.5 mmHg4 30 ± 5%).

Fig. 2. Effect of pentoxifylline on the oxygenation of
BA1112 tumors.A: Control (median pO2 4 8 ± 3 mmHg;
pO2 readings <2.5 mmHg4 33 ± 6%).B: Oxygen breath-
ing (median pO2 4 9 ± 3 mmHg; pO2 readings <2.5 mmHg
4 28 ± 6%).C: Pentoxifylline only, i.p., 50 mg/kg (median
pO2 4 7 ± 2 mmHg; pO2 readings <2.5 mmHg4 33 ±
6%). D: Pentoxifylline plus oxygen breathing (median pO2

4 10 ± 3 mmHg; pO2 readings <2.5 mmHg4 24 ± 5%).

Fig. 3. Effect of pentoxifylline on the survival of cells in
EMT6 tumors in vivo.d: Tumors in air-breathing mice..:
Tumors in mice injected with pentoxifylline (i.p., 50 mg/kg;
15 min before irradiation), breathing air.s: Tumors in oxy-
gen-breathing mice.,: Tumors in mice receiving pentoxi-
fylline plus oxygen. Points are geometric means ± SEMs for
3–9 independent determinations. Lines were fitted by re-
gression analysis.
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is a small decrease in the surviving fractions for
tumors irradiated in animals treated with pentoxi-
fylline alone or oxygen breathing alone. However,
these curves were not significantly different from
the curve obtained for tumors irradiated in air-
breathing control animals (P > 0.05). In contrast,
the survival curve obtained for tumors irradiated
after treatment with both pentoxifylline and oxygen
breathing showed a significant decrease in cell sur-
vivals relative to controls (P < 0.05). The change in
the survival curves is of the type which would be
expected theoretically from a decrease in the hyp-
oxic fraction of the tumor [38,39].

The findings obtained with BA1112 tumors in
vivo (Fig. 4) are very similar to those obtained for
the EMT6 cells. Again, small decreases were seen
in the surviving fractions of cells from tumors in
rats irradiated after treatment with pentoxifylline
alone (P < 0.05) or oxygen breathing alone (P >
0.05). A highly significant decrease in the surviv-
ing fractions of cells from irradiated BA1112 tu-
mors was observed when both agents were admin-

istered concomitantly before irradiation (P < 0.05).
Again, the parallel but offset survival curves
showed the changes expected from decreases in the
number of radiobiologically hypoxic tumor cells
[38,39].

The effect of protracted pentoxifylline treat-
ments, continuing after irradiation, was examined
in the experiments presented in Table 1. Control
tumors were excised 3.5 hr after irradiation with 15
Gy, to match the treatment and assay regimen used
in the groups receiving triple doses of postirradia-
tion pentoxifylline. As in the EMT6 cell survival
curves in Figure 2, the surviving fractions of cells
from tumors irradiated after treatment with pen-
toxifylline prior to irradiation, along with oxygen
breathing before and during irradiation, were de-
creased relative to those for control tumors. The
absolute values of the surviving fractions were
slightly higher than those shown in Figure 2; this
probably reflects the repair of potentially lethal
damage occurring during the 3.5 hr that the irradi-
ated tumors remained in situ prior to excision [40].
The surviving fractions of cells from EMT6 tumors
treated with three additional postirradiation doses
of pentoxifylline were not significantly different
from those of cells from tumors treated with pen-
toxifylline before irradiation and excised 3.5 hr
later (P > 0.05). Only preirradiation treatments with
pentoxifylline altered the response of these tumors
to radiation.

The effect of pentoxifylline on the viability,
growth, and radiosensitivity of EMT6 cells was ex-
amined further using cells in culture. Figure 5
shows the effect of a 24-hr treatment with pentoxi-
fylline on the viability and radiosensitivity of ex-
ponentially growing cells and of cells from plateau
phase cultures. The pentoxifylline treatments pro-
duced only insignificant decreases in cell viability
in the cultures (P > 0.05). The survivals of cells
irradiated in the presence and in the absence of
pentoxifylline were similar in both exponentially
growing and plateau phase cultures. As expected,
plateau phase cultures were slightly more sensitive
to radiation than were exponentially growing cul-
tures. These findings suggest that pentoxifylline did
not alter either the radiosensitivity of the cells or
the repair of sublethal or potentially lethal damage
after irradiation. Additional studies (data not
shown) showed that treatments over 1–4 days with
pentoxifylline had no significant effects on the
growth of EMT6 cells at concentrations of 0.2, 0.5,
and 1.0 mM; a slight inhibition of growth was seen
with 2 mM pentoxifylline (10 times the peak con-
centration expected in our studies in vivo). These

Fig. 4. Effect of pentoxifylline on the survival of cells in
BA1112 tumors in vivo.d: Tumors in air-breathing rats..:
Tumors in rats injected with pentoxifylline (i.p., 50 mg/kg;
15 min before irradiation), breathing air.s: Tumors in oxy-
gen-breathing rats.,: Tumors in rats receiving pentoxifyl-
line plus oxygen. Points are geometric means ± SEMs for
6–13 independent determinations. Lines were fitted by re-
gression analysis.
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cell culture studies provide no evidence for an ef-
fect of pentoxifylline on the proliferation of EMT6
cells at doses relevant to the use of this drug with
radiation therapy.

DISCUSSION
The aim of this study was to examine the potential
of pentoxifylline as an adjunct to radiotherapy. The

data reported here demonstrate that the combina-
tion of pentoxifylline plus oxygen breathing has the
potential to improve radiation response via in-
creased tumor oxygenation. The oxygen tensions of
the two experimental tumors examined here in-
creased within 15 min following a single i.p. injec-
tion of pentoxifylline at a dose of 50 mg/kg and
administration of O2. It is well known that if mo-
lecular oxygen is present during irradiation, this
molecule can participate in the chemical reactions
that lead to the production of biologically signifi-
cant radiation damage. A decrease in the number of
hypoxic cells in the tumors therefore increases the
radiation response of the neoplasms. The radiation
dose–response curves for EMT6 and BA1112 tu-
mors in animals treated with pentoxifylline and
breathing oxygen before irradiation were parallel to
those of cells irradiated in nondrug-treated air-
breathing animals, but offset to lower survivals.
This change is similar to that expected theoretically
from a decrease in the hypoxic fraction [38,39].
This suggests that the improvements in tumor oxy-
genation have decreased the proportions of radio-
biological hypoxic cells in both tumors and thereby
increased the efficacy of the radiation treatment.

Our finding that pentoxifylline is an effective
modifier of tumor oxygenation and tumor radiation
response agrees with reports in other experimental
tumor models [25–30]. Pentoxifylline has been
shown to increase tumor perfusion [26] by increas-
ing blood flow through vasoaction [20,21] and in-
creased red and white cell flexibility [18,19]. These
mechanisms could improve oxygen delivery to the
tumor bed and provide a very plausible mechanism
for the improved tumor responses shown in our
studies.

Pentoxifylline, and other methylxanthine de-
rivatives (e.g., caffeine and theophylline), have
been reported to act on cells in G2 phase of the cell
cycle to induce cells to undergo premature mitosis
before completing repair of radiation-induced dam-
age. Pentoxifylline has been shown to radiosensi-

Table 1. Effect of Postirradiation Administration of Pentoxifylline on the Survival of Cells in
EMT6 Tumors In Vivo

Treatment
Surviving
fraction1 P-value2

A O2 + 15 Gy, 3.5 hour delayed kill 0.098
B O2 + pentoxifylline + 15 Gy, 3.5 hour delayed kill 0.062 B vs. A:P 4 0.5
C O2 + 15 Gy + 3 postirradiation doses of pentoxifylline 0.078 C vs. A:P 4 0.3
D O2 + Pentoxifylline + 15 Gy + 3 postirradiation doses of pentoxifylline 0.072 D vs. A:P 4 0.03

D vs. B: P 4 0.5

1Geometric means from seven independent determinations.
2Mann-Whitney U-test.

Fig. 5. Effect of pentoxifylline on survival of EMT6 cells
in cell cultures. Solid symbols represent the surviving frac-
tions of EMT6 cells exposed to pentoxifylline without irra-
diation. Open symbols represent the surviving fractions of
EMT6 exposed to pentoxifylline during and for 24 hr after
irradiation at a dose of 10 Gy.d and s: Exponentially
growing cells.. and,: Plateau phase cells. Points without
error bars are the means from two experiments. Points with
error bars are the geometric means ± 1 SEMs of data from
at least three experiments.
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tize several different types of tumor cells in vitro
when administered after irradiation [31,32,41]. We
asked whether this effect could be exploited in vivo
to provide an additional radiation enhancement to
complement, and improve upon, the radiation re-
sponse achieved via preirradiation oxygen modifi-
cation. We found no evidence that postirradiation
treatments with pentoxifylline altered the radiation
response of EMT6 tumors. However, our in vitro
experiments with EMT6 tumors also showed that
pentoxifylline was not cytotoxic to EMT6 cells, did
not impair the growth of these cells, and, impor-
tantly, did not sensitize EMT6 cells to 10 Gy of
x-rays when drug concentrations up to 10 times
peak plasma levels expected in our in vivo studies
(0.2 mM) [25] were maintained for 24 hr after ir-
radiation. These data contrast with those reported
by other investigators who have demonstrated ra-
diosensitization of cells in vitro, particularly at con-
centrations approaching 2 mM [31,32,41]. Russell
et al. [32] have shown that p53-deficient tumor
cells are more sensitive to postirradiation pentoxi-
fylline treatment. The G1 and G2 checkpoints are
known to be controlled by p53 [42–44], while pen-
toxifylline acts on cells in G2; thus, p53 status may
be an important factor influencing the efficacy of
the postirradiation administration of pentoxifylline.
The p53 status of the EMT6 cells is currently un-
known.

The lack of radiosensitization of EMT6 cells
by pentoxifylline in vitro explains, at least in part,
the failure to observe additional decreases in sur-
viving fractions of cells from solid EMT6 tumors
grown in mice treated with pentoxifylline after ir-
radiation. Animals were given three top-up doses of
pentoxifylline at hourly intervals postirradiation. In
mice, pentoxifylline serum levels decrease within 1
hr; thus, dosing at hourly intervals should maintain
a constant serum concentration of approximately
0.2 mM during the 3.5 hr between irradiation and
assay [25]. The experiments reported here examin-
ing postirradiation administration of pentoxifylline
in vivo might not have fully explored the potential
of this approach. It is possible that we did not ex-
pose the tumors to pentoxifylline at an effective
concentration for a sufficient period of time post-
irradiation. However, the concentrations used in
our in vitro studies (0.2–2 mM) are at or above the
plasma level attainable in mice [25] and well above
the maximally tolerated levels attainable in patients
(10–30mM) [32]. The use of a sustained release
formulation of pentoxifylline for a period of time
equal to at least one cell cycle might theoretically
offer additional efficacy. However, no radiosensi-
tization was observed in our in vitro studies, which

used a postirradiation incubation time of 24 hr, ap-
proximately twice the cell cycle time of exponen-
tially growing EMT6 cells in vitro. It is therefore
highly unlikely that radioenhancement would have
been attainable with EMT6 cells grown as tumors
under any practicable treatment conditions.

CONCLUSION

In conclusion, pentoxifylline is an effective modu-
lator of tumor oxygen tension in vivo, and can sig-
nificantly enhance the radiation response of EMT6
mouse mammary carcinomas and BA1112 rhabdo-
myosarcomas. In these systems pentoxifylline ap-
pears to improve the efficacy of radiation therapy
via an oxygen-modulation mechanism, rather than
by directly altering the radiosensitivity or the repair
capacity of the tumor cells.
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