Anti-Cancer Drugs 1995, 6. pp. 450—104

Growth inhibition of human tumor xenografts in
nude mice by treatment with the antitumor agent
4,6-benzylidene-d,-D-glucose (P-1013)

Camilla B Dunszd,’ John M Dornish,® Torhild E Aastveit,® Jahn M Nesland?

and Erik O Pettersen’

Department of 'Tissue Culture and 2Pathology, Institute for Cancer Research, The Norwegian Radium
Hospital, Montebello, N-0310 Oslo, Norway. Tel: (+47) 22 93 55 48; Fax: (+47) 22 93 29 44. °Department of
Pharmacology, Pronova AS, Gaustadalleen 21, N-0371 Oslo, Norway.

4,6-Benzylidene-d,-p-glucose, P-1013, a deuterated ben-
zaldehyde derivative which acts as a reversible protein
synthesis inhibitor in vitro, was evaluated for antitumor
effects in two human tumor xenografts implanced s.c. in
nude mice. The drug, dissolved in isotonic saline, was
given p.o. daily for several weeks. For evaluation of drug
efficacy, mean tumor volume growth curves were gen-
erated and tumor volume doubling time (TD) as well as
per cent change in tumor size for the treated tumors
compared to control (T/C) were calculated. P-1013 at
90 mg/kg for 49 days was effective against SK-OV-3 hu-
man ovarian carcinoma (T/C 47% at day 40 and 50%
increase in TD). P-1013 at 90 mg/kg also suppressed
growth of PANC-1 human pancreatic carcinoma in two
experiments (T/C 44 and 50%, 20 and 40% increase in TD,
respectively). There was no indication of systemic toxi-
city in mice receiving P-1013. Histological examinations
of each tumor showed that P-1013 treatment of pancreatic
xenografts reduced tumor volume without inducing great-
er necrosis than that comparable to respective control
tumors. For the ovarian xenograft, the histological ex-
amination indicated a higher fraction of tumors with more
than 50% necrotic tissue in two of the P-1013-treated
groups compared with the control group (Fisher exact
test, p = 0.12). It is possible that P-1013, in addition to
inhibiting the rate of tumor volume growth, also induces
tumor necrotization in the ovarian xenograft.

Key words: Benzylidene-glucose, deuterated benzalde-
hyde derivative, growth inhibition, nude mice, xenografts.

Introduction

Almost all drugs developed during the past four
decades displaying activity against cancer also
cause toxic side effects which limit the dose that
can be administered and therefore limit the curative
potential of all these drugs.’ Although substantial
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progress has been made in chemotherapeutic drug
design and implementation, there is clearly a need
for developing new drugs for cancer therapy with
novel mechanisms of action and low toxicities. Such
a group of new drugs may be the benzaldehyde
derivatives, which have received considerable at-
tention due to their anticancer effects and low sys-
temic toxicity.

Benzaldehyde is the anticancer principle isolated
from figs used traditionally in the treatment of can-
cer’ Benzaldehyde and its derivatives, benzyli-
dene-glucose (BG) and sodium benzylidene
ascorbate, induce reversible inhibition of protein
synthesis in human cells in culture 3 ? This, in turn,
gives rise to a reduction in cell cycle progression
and subsequently cell inactivation,”® and could be
the primary mechanism for the antitumor effect.
Several derivatives of benzaldehyde have been
shown to induce antitumor effects both in animals®”’
and humans,®'? although some studies show small
effects.’>'¥ In clinical trials with benzaldehyde de-
rivatives no side effects were found in normal tis-
sues.” " A possible explanation for this is as
follows. Since cancer cells are not able to respond
properly to growth regulatory signals, they will not
respond to the up-regulatory signals from the nor-
mal tissue exposed to protein synthesis inhibitors.
Normal cells will compensate by increasing the rate
of protein synthesis, while cancer cells will continue
with the reduced rate of protein synthesis. If the
treatment continues long enough, the shortage of
vital proteins may become life-threatening to the
cancer cells while normal cells are left unharmed.’®
This hypothesis presents a possibility to develop
new cancer-specific chemical agents. However, lit-
tle is known about the degree of effect induced by
such chemicals on the tumor.

For benzaldehyde and sodium benzylidene as-
corbate it has been reported that exchanging the
hydrogen in the formyl group with a deuterium in-
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4,6-BENZYUDENE-D-GLUCOSE (BG)

Figure 1. The chemical structure of 4,6-benzylidene-D-
glucose (BG). The x isomer is shown, although the com-
pound exists as both benzylidene-x- and benzylidene-§-
glucose, when in aqueous solution. The hydrogen in the
acetal group, marked with an arrow, is exchanged with a
deuterium in P-1013.

duced increased effects on protein synthesis inhi-
bition as well as an increase in cyt()toxicity.s'l(’ Since
the exchange of hydrogen with deuterium increases
the cellular effects of the benzaldehyde derivatives,
it may also improve their tumor inhibiting proper-
ties, thus resulting in more powerful drugs.'” The
deuterated analog to sodium benzylidene ascorbate
(*Hlzilascorb, has been shown to induce tumor ne-
crosis in human tumor xenografts of the malignant
melanoma and the ovarian carcinoma type,'> and
induce growth inhibition on prostatic carcinoma xe-
nografts in nude mice.'® In a phase I clinical trial
[*Hlzilascorb induced no fever and no bone mar-
row-, nephro- or neurotoxicity.19

The purpose of this preclinical study was to eval-
uate the in vivo efficacy of the deuterated analog to
the clinically tested benzaldehyde derivative 4,6-
benzylidene-D-glucose  (BG),* '%!?  denoted P-
1013 (Figure 1). P-1013 was tested in the treatment
of two human cancer xenografts and the effect was
compared with that of BG. The antitumor activity
was measured by tumor volume growth curves and
by histological evaluation of each tumor.

Materials and methods

Animals

Female. athymic mice (nu nu-BALB cABom) sup-
plied from Bomholt Gard (Ry. Denmark) or female.
athymic mice (of the nu nu-BALB ¢ type) bred at
the animal house at The Institute for Cancer
Research. The Norwegian Radium Hospital
(Montebello. Norwav) were used in the experi-
ments. The animals were housed in plastic cages.
with sterilized wood chips bedding. The cages were
kept in air-conditioned rooms with controlled tem-

perature (22-24°C) and humidity (>50%), and with
a 12 h light/dark cycle. The animals were given a
commercial pelleted maintenance diet (RM3; SDS,
Witham, Essex, UK) and tap water ad libitum with
an autowatering system. All studies were conducted
in conformity with the laws and regulations control-
ling experiments in live animals in Norway.

Drugs

BG and P-1013 (4,6-benzylidene-D-glucose undeut-
erated and deuterated, respectively), Figure 1, were
provided by Norsk Hydro Research Centre (Pors-
grunn, Norway). BG and P-1013 contain 0.1% ben-
zaldehyde and, when in aqueous solution, two
anomers (benzylidene-a- and benzylidene-f-glu-
cose) are present at a ratio of 24.5 and 75.5%, re-
spectively. The degree of deuteration in the acetal
group of P-1013 was 99%. P-1013 is prepared from
deuterated benzaldehyde dimethylacetate and D-
glucono-d-lactone as described earlier.”

Tumor lines

The PANC-1 cell line, derived from a pancreatico-
duodenectomy specimen removed from a patient,*”
and the SK-OV-3 line, established upon cultivation
of cells from the ascitic fluid of a patient with an
ovarian tumor,?' were purchased from the American
Tissue Culture Collection (Rockville, MD) and cul-
tivated shortly in vitro before being implanted into
nude mice. The tumor lines were passaged as s.c.
implants in nude mice.

Tumor transplantation, measurement and
treatment

Mice were 8-9 weeks of age at the time of tumor
implantation. Small tumor pieces were implanted
s.c. on the left flank of the animals. Tumor growth
was followed by measuring two perpendicular dia-
meters using calipers and tumor volume was esti-
mated by the formula: volume = (length x width?)/2.
Animals with growing tumors (tumor volumes 25—
110 mm?) were randomly assigned to drug-treated
or control groups. such that there were 8-10 ani-
mals/group. with the average tumor size among the
groups being approximately equal (about 50-
7S mm?). During treatment. tumor volumes were
measured every 2-3 days and weight was recorded
once a week. Drug treatment was given daily by p.o.
administration of 0.2 ml of a solution of drug dis-
solved in isotonic saline. The control group was
administered 0.2 ml isotonic saline at the same in-
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terval as the treated groups. Oral administration was
carried out by gastric intubation with a blunt steel
canula. Animals were routinely sacrificed when the
longest tumor diameter reached 20 mm. Treatment
within one group was continued until the first ani-
mal had to be sacrificed due to this criteria. Of the
112 mice totally included in the experiments, nine
had to be sacrificed due to illness caused by other
reasons than P-1013 treatment, such as eye catarrh,
eczema and rectum prolapse. These mice were ex-
cluded from the analysis.

Evaluation of response

Treatment efficacy was assessed by three evaluation
criteria used in parallel.

Firstly, by tumor volume growth curves. The tu-
mor sizes were standardized in the different groups
by obtaining relative tumor volume (RV) calculated
by the formula RV = V,/V,, where V, is the tumor
volume at day x and V) is the initial volume at the
start of treatment (day 1). An exponential curve was
fitted to the relative tumor volume growth data for
each individual animal and the interval during
which each tumor increased to twice its volume,
tumor volume doubling time (TD), was determined
from the fitted curve (log.2/k, where k& is the esti-
mated rate constant for the process). For each group
of treated or control tumors the mean time to double
was calculated. The mean volume with standard
errors for each treatment group were plotted as
a function of time to obtain the tumor growth
curves. Significant differences were determined
using Student’s #test (two groups) or ANOVA fol-
lowing Bonferroni's ttest (several groups).

Secondly. the per cent change in tumor size (T, C)
was calculated according to the formula:
TT/C =

mean relative tumor volume of treated mice 100

mean relative tumor volume of control mice

Thirdly, each separate tumor was evaluated his-
tologically. All tumors were examined macro-
scopically and measured before two to four
representative sections were taken from each tumor
and processed for light microscopy. The specimens
were fixed in 5% buffered formalin, dehydrated and
embedded in paraffin. Sections (6-8 um thick) cut
from the paraffin blocks were stained with hema-
toxylin and eosin, and used for light microscopical
evaluation. The light microscopic features were
compared with the observations made at the time
of macroscopic examination and a semi- quantita-
tive evaluation of the degree of tumor necrosis com-
pared to vital tumor tissue was made. Both the
macroscopic and the microscopic examinations
were done blindly.

Results

Tumor volume growth curves for the SK-OV-3 ovar-
ian carcinoma and the PANC- 1 pancreatic carcino-
ma xenograft grown in nude mice are shown in
Figure 2. From the growth curves it can be seen
that P-1013, following p.o. administration on a daily
schedule, demonstrated growth inhibitory effects in
both the PANC-1 and SK-OV-3 xenograft, measured
by an increase in the tumor volume doubling time
(TD) and a T/C<50% (Table 1). The dose-re-
sponse experiment with the SK-OV-3 xenograft

Table 1. TD and T/C values in human tumor xenografts grown in nude mice,
treated daily with BG or P-1013 at doses indicated

Type of Drug Dose TD + SE T/C Treatment
tumor (mg/kg day) (%) days
SK-OV- 3 control 13 + 1 40
P-1013 30 16 + 3 76 49
P-1013 90 19 + 2° 47° 49
P-1013 200 15 £ 2 100 40
PANC-1 control 21 + 2 82
(p5)? P-1013 90 25 + 3 44° 82
PANC-1 control 13 + 1 64
(p12)® P-1013 90 18 + 2° 50¢ 64
BG 90 15 + 1 73 64

2 Tumor passage number.

® Indicates significant differences between treated group and control group.

¢ Indicates antitumor activity (T/C < 50).
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Figure 2. Mean tumor volume growth curves of tumor lines
SK-OV-3 ovarian carcinoma xenograft (A) and PANC-1
pancreatic carcinoma xenograft passage 5 (B) and pas-
sage 12 (C). Mice were treated daily p.o. with 30 mg/kg
P-1013 (A), 90 mg/kg P-1013 (W), 200 mg/kg P-1013
(W) (coincides with the growth curve for the control group)
and 90 mg/kg BG (e). @, Control group received 0.9%
NaCl. Each point represents the mean tumor volume of
seven to 10 mice related to tumor volume at day 1. Vertical
bars represent standard error.
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Figure 3. The percent change in tumor size of the treated
groups related to the control group (T/C) plotted as a func-
tion of time for the SK-OV-3 ovarian carcinoma xenograft
(A) and the PANC-1 pancreatic carcinoma xenograft pas-
sage 5 (B) and passage 12 (C). A, T/C for group receiving
30 mg/kg P-1013; W, T/C for the groups receiving 90 mg/
kg P-1013; ¥, T/C for the group receiving 200 mg/kg P-
1013; @, T/C for the group receiving 90 mg/kg BG. Each
point represents the mean of seven to 10 mice. Vertical
bars represent standard error. Stippled line indicates
T/C = 50%.
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Table 2. Histological evaluation of the fractional amount of necrotic tissue in

the tumors after treatment

Tumor Drug Dose Number of animals?®
type (mg/kg day)

1+ 2+ 3+ 4+ Total
SK-OV-3 control 0 5 3 0 8
P-1013 30 1 0 4 2 7
P-1013 90 0 1 6 0 7
P-1013 200 1 2 3 2 8
PANC-1 control 1 5 2 0 8
(p5)° P-1013 90 0 8 2 0 10
PANC-1 control 3 4 1 0 8
(p12)° P-1013 90 0 5 3 0 8
BG 90 0 3 4 0 8

@ A semi-quantitative evaluation of necrosis compared to vital tumor tissue was made
as follows 1+=0-25% necrotic tumor volume; 2+=25-50% necrotic tumor volume;
3+ =50-75% necrotic tumor volume; 4+ =75-100% necrotic tumor volume.

® Tumor passage number.

Table 3. Mean body weight (g) of animals treated by daily oral administration starting at

day 1

Time after first injection (days)
Treatment 0 14 28 42 64
Control 259 + 0.8 253 + 0.7 26.0 + 0.8 26.6 + 0.9 26.8 + 0.9
P-1013 253 + 04 250 + 0.4 254 + 0.4 258 + 0.5 26.0 + 0.4
BG 257 + 06 251 + 0.7 258 + 0.9 27.5 + 0.8 276 + 0.7

(Figure 2A) showed that the greatest inhibitory ef-
fect was found in mice receiving 90 mg/kg P-1013.
In Figure 2(C) the undeuterated analog to P-1013,
BG, is also included to compare the effects of the
two drugs. It seems that P-1013 induces greater
growth inhibitory effects than BG. Data obtained
from the growth curves are shown in Table 1 and
Figure 3. As can be seen in Figure 3, the %T/C de-
creases continuously with time.

We have repeated the experiment with the PANC-
1 xenograft to see if the effect of P-1013 is repro-
ducible. There are seven tumor passages between
the first and the second experiments. As can be seen
in Table 1, the tumor volume doubling times are
different in the two experiments, but the antitumor
effect induced by P-1013 is demonstrated in both
experiments.

The extent of necrosis in each tumor was eval-
uated in order to determine whether the reduced
tumor volume growth was due to only growth in-
hibitory effects or to cell inactivation. An overview
of the extent of necrosis estimated in the experi-
ments is given in Table 2. For the SK-OV-3 xenograft
there is a tendency of a higher fraction of necrotic
tissue in the tumors treated with 30 and 90 mg/kg P-
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1013 than in the control tumors. A statistical testing
of the difference between the control group and
these two dosing groups, concerning tumors with
more than 50% necrotic tissue, gives p = 0.12 (Fish-
er exact test). P-1013 or BG treatment did not lead to
an significant increase in the degree of necrosis in
the PANC-1 xenografts, although there was a ten-
dency of a higher fraction of necrotic tissue in the
treated tumors compared with control tumors for
the 12th passage of the PANC-1 xenograft. The mor-
phological appearance of some typical SK-OV-3 tu-
mors are shown in Figure 4. In all the P-1013-treated
tumors a characteristic vital peripheral rim can be
seen with more or less central necrotic areas. The
morphological appearance of the viable tumor cells
in the P-1013-treated tumors cannot be distin-
guished from the viable tumor cells in the placebo-
treated tumors,

During treatment, animal body weight was recor-
ded once a week. In Table 3 a representative ex-
periment (PANC-1, passage 12) showing the
development of the body weight during the treat-
ment period is shown. No untoward effects giving
rise to a body weight reduction were seen even after
64 days of daily p.o. administration of P-1013.
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Figure 4. Morphological appearance of typical SK-OV-3 tumors from each of the four groups of animals. (A) Placebo
group. Tumor volume: 816 cm?. Large vital tumor areas. (B) P-1013 30 mg/kg. Tumor volume: 30 cm?®. Small tumor with
extensive necrosis. Only a peripheral rim with vital tumor tissue is present. (C) P-1013 80 mg/kg. Tumor volume: 91 cm?.
Relatively small tumor with extensive necrosis. A peripheral rim and also foci with vital tumor tissue is present. (D) P-1013
200 mg/kg. Tumor volume: 91 cm®. Relatively small tumor with extensive necrosis and a thin rim of vital tumor tissue in the
periphery. (Hematoxylin and eosin. Bar = 54 um.)
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Discussion

The LDso of BG in mice is more than 3000 mg/kg by
oral administration.® In clinical trials daily doses on
the order of 40 mg/kg have been given.®®'? A daily
dose of 85 mg/kg BG given to rats was therapeu-
tically effective.” On the basis of this a dose range of
30-200 mg/kg P-1013 was chosen for the experi-
ment with the SK-OV-3 xenograft. From Figures
2 and 3 and Table 1 it can be seen that a dose of
90 mg/kg P-1013 had optimal effectiveness. Doses
of 30 and 200 mg/kg were less effective. Conse-
quently, a p.o. dose of 90 mg/kg was selected for
the PANC-1 experiments.

The human tumor xenograft grown in immuno-
deficient mice is a widely used model for drug test-
ing. According to Golding et al.,** a criteria used by
NCI for positive tumor response to therapy is any
treatment group in which the tumor volume is re-
duced to less than 42% relative to the control group
(T/C) at any time during a specific range of days
after the last treatment day. The lowest T/C value
observed is regarded as the optimal one. Boven et
al.?® uses T/C = 50% as a criteria for response. The
use of the T/C ratio reflects the way in which es-
tablished chemotherapeutics exert their effect, i.e.
by initially reducing the tumor volume beyond its
pretreatment value, but sooner or later the tumor
starts to regrow and the T/C ratio increases.

As seen in Figure 3, P-1013 and BG exert their
effects in a different manner. We observe that the
T/C ratio decreases continuously with time. The
lowest T/C ratio is always obtained at the last day
when mice in both the control group and the treated
groups are alive. From Figure 3 there is reason to
believe that the T/C ratio would decrease further
upon continued treatment. The endpoint for treat-
ment was based upon humanitarian reasons, the
tumor volume of some animals growing too large.
Table 1 shows that treating the SK-OV-3 zenograft
for 40 days with 90 mg/kg P-1-13 resulted in
T/C = 47%. For the PANC-1 xenografta P-1013 treat-
ment (90 mg/kg) for 82 days resulted in T/C = 44%
and the same treatment for 64 days resulted in
T/C = 50%. Since P-1013 treatment gives T/C ratios
at the last day of treatment comparable to the T/C
ratios suggested as criteria for response, and a de-
creasing T/C with time, we believe that our results
indicate that P-1013, given at this daily dose, has an
antitumor effect against the SK-OV-3 and the PANC-
1 xenografts.

A significant difference was found in the doubling
time, TD, for the SK- OV-3 ovarian carcinoma xe-
nograft treated daily with P-1013 (90 mg/kg) com-
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pared with the control (p = 0.016) (Table 1). This
treatment led to a 50% increase in TD, the TD in-
creased from 13 to 19 days. P-1013 treatment with
30 mg/kg daily resulted in 23% increase in TD and
200 mg/kg resulted in 15% increase in TD. Signifi-
cant difference was also found in TD for the PANC-1
pancreatic carcinoma passage 12 treated with
90 mg/kg P-1013 (p = 0.042). Here a 38% increase
in TD was obtained. In the experiment with PANC-1
passage 5 no significant difference were found in
TD, an increase in TD of only 16% was obtained,
although a low T/C ratio (44%) suggests antitumor
activity (Table 1).

In most experiments, treatment was terminated in
all groups on the same day, i.e. on that day when the
tumor burden in the control group reached the up-
per limit. However, in the experiment with SK-OV-3
we continued treatment in the group receiving
30 mg/kg P-1013 after the control group had been
terminated due to heavy tumor burden. The treat-
ment was continued until the tumor burden in the P-
1013-treated group reached the same upper limit
(Figure 2). This led to an ‘increase in life-span’ of
23% compared with the control group. The treat-
ment of the group receiving 90 mg/kg P-1013 was
also continued as long as for the group receiving
30 mg/kg P-1013.

The histological examinations (Table 2 and Figure
4) show that for the SK-OV-3 ovarian carcinoma
xenograft treated with 30 and 90 mg/kg P-1013
there is an indication of a higher fraction of treated
tumors with more than 50% necrotic tissue than the
control tumors, although it is not significant (p=0.12,
Fisher exact test). This finding should be considered
in light of the observations that the tumors treated
with 90 mg/kg P-1013 have a smaller volume than
the placebo-treated tumors at the time of fixation,
thus probably underestimating the drug-induced
necrotization. We therefore believe that P-1013 in-
duces necrotization in the SK-OV-3 xenograft. The
histological examinations of the PANC-1 passage 5
xenografts do not indicate a higher fractional
amount of necrosis in the P-1013 tumors than in
the control tumors. In the experiment with
PANC-1 passage 12 there is a tendency of a higher
fraction of treated tumors with more than 50% ne-
crotic tissue compared with the control tumors,
especially for the BG treated tumors. However, the
differences are not statistically significant.

Both animal experiments and clinical trials indi-
cate that the treatment time needed with benzalde-
hyde derivatives could well be several months.'”
For instance, the effect of P-1013 on the PANC-1
xenograft is not seen until the tumors have been
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treated for 30-40 days (Figure 2). We believe that
the mild protein synthesis inhibition induced by the
benzaldehyde derivatives might need to be im-
posed on the cells for a considerable time before
lack of vital proteins may become life threatening.
In a study where no effect of BG on in vivo growth
of two human tumor xenografts was reported, the
treatment was continued for only 30 days.'* One
possibility is, of course, that BG induces no growth
inhibitory effects in these two tumor xenografts.
Another possibility is that the treatment time was
too short to detect an eventual effect.

P-1013 appears to have an unusual dose-re-
sponse. In the experiment with the SK-OV-3 xeno-
graft (Figure 2A) we observe a growth inhibitory
effect upon daily treatment with P-1013 at a dose
of 30 mg/kg, a greater inhibition with 90 mg/kg and
no inhibition with 200 mg/kg. There is no current
explanation for this anomaly.

One expected consequence of exchanging a hy-
drogen with a deuterium is that the compound be-
comes more stable, due to the higher zero point
energy of the C-D bond compared with the C-H
bond. The greatest effect is expected in reactions
where the C-D bond is broken, referred to as a
primary kinetic isotope effect. Secondary isotope
effects refer to reactions where cleavage of the deu-
terium bond is not directly involved in the rate-de-
termining step and are normally much smaller than
the primary kinetic isotope effect.

A deuterium isotope effect has been observed in
rats, but not in dogs and mice, in in vivo pharma-
cokinetic studies on BG and P-1013. The observed
effect is in the first step of P-1013 metabolism and
does not involve a cleavage of the C-D bond, there-
fore it is probably a secondary isotope effect. Com-
plete metabolism of P-1013 apparently involves a
step where the C—~ D bond is cleaved, thereby in-
ducing a primary isotope effect.?* The growth in-
hibitory effects of P-1013 and BG are compared on
PANC-1 xenografts passage 12 grown in nude mice.
Figure 2(C) shows that P-1013 seems to induce a
greater growth inhibitory effect than BG given daily
at the same dose. which may reflect a deuterium
isotope effect. The T-C ratio for BG after treatment
for 64 days is 73%. while for P-1013 it is 50%. The
difference in TD for the P-1013 treated group com-
pared with the control group is statistically signifi-
cant. while this is not the case for BG. Thus. the
results indicate that P-1013 induces stronger biolo-
gical effects than BG in viro.

Our results show that P-1013 induces antitumor
effects with a mechanism different from those of the
established chemotherapeutic drugs. in thatthe T C

value decreases continuously with time without any
tumor regrowth. Generally, drug testing with differ-
ent types of xenotransplanted tumors has shown
that the response of xenografts obtained in immu-
nodeficient mice is comparable to that in clinical
practice.”>® We observe that P-1013 induces
growth inhibitory effects in both the SK-OV-3 ovar-
ian carcinoma xenograft and the PANC-1 pancreatic
carcinoma xenograft without inducing systemic
toxicity. In the present experiments, no signs of any
side effects were seen in the animals. No difference
in the body weights between drug treated and con-
trol animals were observed (Table 3). We believe
that a growth inhibition, if it is induced in the tumor
only, may give a significant contribution in the treat-
ment of many cancer patients. Pancreatic carcinoma
is notorious for its relative resistance to available
treatment. At best, conventional therapy offers a few
months prolongation of life and some palliation of
symptoms. Based on our current results, P-1013
should be further tested against pancreatic adeno-
carcinoma, ovarian carcinoma and other human
cancer types as a drug without significant clinical
toxicity. Since oral administration is possible, the
drug is well suited for long-term treatments.
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