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Abstract. Combined therapy with multiple drugs is a common 
practice in the treatment of cancer, which can achieve better 
therapeutic effects than a single drug, and can reduce the 
side effects as well as drug resistance. This study aimed to 
determine whether aspirin (ASA) shows synergism with doxo-
rubicin (DOX) in HepG2 human hepatocellular carcinoma 
cells in vitro and in a HepG2 cell xenograft model in BALB/c 
nude mice. When treated in combination, DOX (0.25 nmol/
ml) and ASA (5 µmol/ml) produced strong synergy in growth 
inhibition, cell cycle arrest and importantly, apoptosis in vitro 
in comparison to single treatments. Moreover, ASA (100 mg/
kg/day orally) and DOX (1.2 mg/kg biweekly ip) induced syner-
gistic antitumor activity in the HepG2 cell xenograft model 
in nude mice. Therefore, the combination of ASA and DOX 
could be used as a novel combination regimen which provides 
a strong anticancer synergy in the treatment of hepatocellular 
carcinoma.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer worldwide and more than half a million new cases occur 
annually. In some areas of Southeast Asia and the Africa, HCC 
ranks as the first cause of death from cancer. The incidence of 
HCC is also increasing in Europe and in the United States (1).

Chemotherapy is one of the common strategies in the treat-
ment of inoperable HCC treatment. Doxorubicin (DOX) has 
been widely used as the anticancer drug in the various kinds 
of malignancies including HCC (2). However, the objective 
response rate is <20% and the median survival is only 4 months 
when DOX is used as a single agent (3). In addition, it causes 
serious side effects, in particular cumulative, dose-related 
myocardial toxicity limiting its use. Thus it is necessary to 
seek a new combination therapy which can enhance anticancer 
effectiveness. Currently, nearly all successful cancer chemo-
therapy regimens adopt a strategy of combination of multiple 
agents given simultaneously, thereby achieving better thera-
peutic efficacy and minimizing side effects.

Acetylsalicylic acid (ASA) is a non-steroidal anti-inflam-
matory drug (NSAID) with many pharmacological properties, 
such as anti-inflammatory, anti-pyretic, and analgesic. Recent 
studies have shown that the long-term administration of ASA in 
humans leads to protection against the development of colorectal 
cancer as well as malignancies in other tissues (4,5). Especially, 
use of 300 mg or more of ASA a day for about 5 years reduces 
the short-term risk of recurrent colorectal adenomas in patients 
with a history of adenomas or cancer (6). The anticancer activity 
of ASA is thought to be linked to their ability to inhibit cell 
proliferation and to induce apoptosis (7). We hypothesized that 
combination of ASA and DOX might be effective in the treat-
ment of HCC since ASA has been reported to show anticancer 
effect on HCC (8,9). Therefore, the present study was designed 
to investigate whether the cytotoxic properties of ASA and DOX 
were synergistic when used together in HepG2, human HCC 
cell line, in vitro and HepG2 cell xenograft model in BALB/c 
nude mice in vivo.

Materials and methods

Chemicals. ASA and DOX were purchased from Sigma-
Aldrich Co. (St. Louis, MO). ASA was freshly prepared before 
each experiment and solubilized as described elsewhere (10) 
and DOX was dissolved in phosphate-buffered saline (PBS) 
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for in vitro experiments. All other chemicals and reagents were 
from standard commercial sources and of the highest purity.

Cell culture and cell viability assay. HepG2 (wild-type p53, 
Rb-positive, Ras-mutated and HBV-negative) cells, the human 
hepatocellular carcinoma cell line, were purchased from the 
American Type Culture Collection (Manassas, VA), and main-
tained at 37˚C in a humidified condition of 95% air and 5% CO2 
in DMEM (Gibco-BRL, Gaithersburg, MD) supplemented with 
10% heat inactivated fetal bovine serum (FBS), 2 mM gluta-
mine, 100 U/ml penicillin, and 100 µg/ml streptomycin. Cell 
proliferation was assessed using MTT [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazoliumbromide, Sigma-Aldrich Co.] 
assay, as described before (11), which is based on the conversion 
of MTT to MTT-formazan by mitochondrial enzymes. Since 
the same number of cells was aliquoted into each well initially, 
decreased optical density in wells containing treated cells 
reflects cellular death and/or decrease in the rate of proliferation. 
To distinguish between these two possibilities, we employed an 
additional cytotoxicity assay which detects cell death by lack 
of trypan blue exclusion. Cell death was determined by trypan 
blue exclusion. Cells were incubated with 0.2% trypan blue for 
2-5 min, and the percentage of dead cells (those which did not 
exclude the dye) was determined microscopically.

DNA fragmentation assay. DNA fragmentation was performed 
as described previously (12). Briefly, after treatment with 
ASA and/or DOX, cells were rinsed twice in cold PBS and 
resuspended in lysis buffer [5 mM Tris-HCl (pH 7.5), 5 mM 
ethylene diamine tetraacetic acid and 0.5% Triton X-100] at 4˚C 
for 30 min. After centrifugation at 27,000 x g for 15 min, the 
supernatant was treated with RNase, followed by proteinase K 
digestion, phenol/chloroform/isoamyl alcohol (25:24:1, v/v/v) 
extraction and isopropanol precipitation. DNA was separated 
through a 1.5% agarose gel, and stained with 0.1 µg/ml ethidium 
bromide (EtBr, Sigma-Aldrich Co.), and was visualized by 
ultraviolet light source.

Gel electrophoresis and Western blot analysis. The cells were 
harvested, lysed, and protein concentrations were quantified 
using the Bio-Rad protein assay (Bio-Rad Lab., Hercules, CA), 
following the procedure described by the manufacturer. Western 
blot analysis was performed as described previously (13). Briefly, 
an equal amount of protein was subjected to electrophoresis 
on SDS-polyacrylamide gels and transferred to nitrocellulose 
membranes (Schleicher & Schuell, Keene, NH) by immunoblot-
ting. Blots were probed with the desired antibodies overnight, 
incubated with diluted enzyme-linked secondary antibodies 
and then visualized by the enhanced chemiluminescence (ECL) 
according to the recommended procedure (Amersham Corp., 
Arlington Heights, IL). The primary antibodies and peroxidase-
labeled goat anti-rabbit and goat anti-mouse immunoglobulins 
were purchased from Santa Cruz Biotechnology Inc. (Santa 
Cruz, CA).

Caspase activity assay. Activities of caspase-3, -8 and -9 were 
determined using the corresponding caspase activity detection 
kits (R&D Systems) as described by the manufacturers. Briefly, 
cells were harvested and cold lysis buffer was added, and then 
incubated on ice for 10 min and centrifuge for 1 min in a 

microcentrifuge (10,000 x g). The supernatant was transferred 
to a fresh tube and protein concentration was determined 
using a standard colorimetric assay (Bio-Rad Laboratories). 
The protein concentration of each sample was adjusted to 
200 µg per 50 µl of cell lysate using chilled cell lysis buffer. 
Then added 50 µl of 2X reaction buffer and 5 µl substrates 
of DEVD-pNA (for caspase-3), IETD-pNA (for caspase-8), 
and LEHD-pNA (for caspase-9), respectively. Samples were 
incubated at 37˚C for 2 h and the enzyme-catalyzed release 
of pNA was quantified at 405 nm using a microtiter plate 
reader. The values of treated samples were normalized to the 
untreated controls, allowing determination of the fold increase 
in caspase activity.

Cell cycle analysis. After treatment with ASA and/or DOX, 
cells were trypsinized, washed with 1% BSA, and fixed in 95% 
ethanol at -20˚C overnight. Prior to analysis, cells were again 
washed with 1% BSA, suspended in PBS with RNase A (100 µg/
ml) and incubated at 37˚C in the dark for 30 min, propidium 
iodide (PI, Sigma-Aldrich Co.) solution (l0 µg/ml) were added 
before flow cytometry analysis performed on a FACScan flow 
cytometry system (Becton-Dickinson, San Jose, CA).

In vivo xenograft model. Six-week-old male BALB/c nude mice 
(obtained from Japan SLC, Inc., Japan) were used for in vivo 
animal experiments. The animals were housed in constant 
laboratory conditions of a 12-h light/dark cycle and specific 
pathogen-free conditions and fed with water and food ad libitum. 
The animal protocol used in this study has been reviewed 
and approved by the Pusan National University-Institutional 
Animal Care and Use Committee (PNU-IACUC, Busan, 
Korea) on their ethical procedures and scientific care. For 
xenograft study, mice were inoculated subcutaneously into 
the right-back with 1x107 HepG2 cells in 200 µl PBS and 
Matrigel (1:1). When average tumor volume reached 200 mm3, 
mice were randomly assigned to four treatment groups of 
five mice each: control (0.5% sodium carboxymethyl cellulose 
by oral gavage and water for injection ip), DOX (1.2 mg/kg 
biweekly ip); low dose scheduled for minimal side effects (14), 
ASA (100 mg/kg/day by oral gavage), and ASA+DOX (given 
concurrently on days when both drugs were given). The mice 
were treated for 3 weeks and the body weight and tumor volume 
[(major axis) x (minor axis)2 x 0.5] of each mouse were moni-
tored biweekly up to the end of the experiment (3 weeks). DOX 
was dissolved in water for injection and ASA was grounded into 
a fine powder in a mortar and pestle, suspended in 0.5% sodium 
carboxymethyl cellulose.

Statistical analysis. The data are presented as means ± SEM of 
three independent determinations. ANOVA was conducted to 
analyze significant differences among the groups. Other statis-
tical analyses were carried out by the Student's t-test. *p<0.05 
and **p<0.01 were considered to be significant. Combination 
data were analysed using Calcusyn, a Windows software 
package for dose effect analysis from Biosoft (Cambridge, UK). 
The program provides combination index (CI) values which are 
a quantitative measure of drug interaction in terms of an addi-
tive (CI 1), synergistic (CI <1) or antagonistic (CI >1) effect 
for a given endpoint of the assay used, adapted from Chou and 
Talalay (15).
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Results

ASA synergized with DOX to reduce the viability of HepG2 cells 
in vitro. To determine whether ASA shows synergism with DOX 
in HepG2 cells, cells were treated with or without ASA and/or 
DOX for 48 h and were quantified by MTT assay. As shown in 
Fig. 1A, ASA (5 µmol/ml) or DOX (0.25 nmol/ml) alone exerted 
86 and 69% viability (i.e., decrease in cell numbers by 14 and 
31% respectively), as compared to control. Of note, combination 
treatment resulted in 56% viability, decreasing cell numbers by 
as much as 44%, with statistical significance (all are p<0.05). 
A further quantitative determination of synergistic effect by 
the combination treatment of ASA and DOX were carried out 
through the combination index (CI) method of Chou and Talalay 
(15). After 48 h of exposure, DOX inhibited cell viability in a 
dose-dependent manner, with and without various concentra-
tions of ASA. However, combination treatment of DOX and ASA 
exhibited the synergistic effect, leading to a shift of the DOX 
survival curves to the lower left by the incremental doses of ASA 
(Fig. 2A) and the CI plots (Fig. 2B). Virtually all CI values were 

significantly <1 which indicates the synergy between ASA and 
DOX (15).

ASA promotes DOX-induced cell death in vitro. Although flow 
cytometry analysis of Annexin V and PI double staining is a well-
accepted assay to determine apoptotic cell death, this method is 
not suitable for cells treated with DOX as it emits a very strong 
and broad-band fluorescence that interferes with the assay (16). 
Considering the afore-mentioned problem, we used trypan blue 
staining instead to quantify cell death caused by ASA, DOX, or 
the combination. Dead cells take up the dye whereas viable cells 
do not. The percentage of dead cells was calculated by counting 
1,000 cells each time. As shown in Fig. 3A, treatment with 
a single agent of 5 µmol/ml of ASA or 0.25 nmol/ml of DOX 
over 48-h period increased cell death slightly compared with the 
untreated control whereas the combination of ASA and DOX 
was more potent, with statistical significance (*p<0.05; **p<0.01). 
Trypan blue staining quantifies all non-viable cells making no 
distinction of cell death by apoptosis. To clarify this issue, we 
used the DNA fragmentation method which is highly specific for 
observing apoptotic cell death, to study synergism between ASA 
and DOX. Cells were treated for 48 h with 5 µmol/ml of ASA or 
0.25 nmol/ml of DOX as a single agent, or in combination. The 
results in Fig. 3B showed that ASA or DOX caused no signifi-
cant increase in apoptosis and is very similar to control. In 
contrast, the response to the combination was more robust and 
it seems that ASA and DOX work cooperatively to commit cells 
to apoptosis. To investigate the mechanism by which apoptosis 
was induced by combination of ASA and DOX, we evaluated 
the expression levels of Bax and Bcl-2 proteins. Combination 
of ASA and DOX markedly down-regulated Bcl-2 protein 
expression but did not make an appreciable difference in the 
Bax expression (Fig. 3C). Consequently an increase in Bax/
Bcl-2 ratio was observed (Fig. 3D). The synergy between ASA 
and DOX in causing apoptotic cell death was consistently 
observed across three different assays.

ASA promoted DOX-induced caspase activation. Since 
caspase-3, -8 and -9 play central roles in the apoptotic cascade, 
the activities of these three enzymes during the induction of 

Figure 1. ASA enhances DOX-induced cell death of HepG2 cells. The cells were 
treated with ASA (5 µmol/ml) and/or DOX (0.25 nmol/ml) for 48 h, and then 
percentage of cell survival was determined using the MTT assay. Results are 
expressed as percentage of the control ± SEM of three separate experiments. 
Statistical analyses were performed by comparison of averages between groups 
with ASA+DOX treatment and those DOX or ASA treatment (*p<0.05).

Figure 2. ASA showed synergism with DOX-induced cytotoxicity in HepG2 cells. (A) Cells were treated with DOX (0.125-0.5 nmol/ml) in the presence of PBS 
(rhombus), 1.25 µmol/ml ASA (circle), 2.5 µmol/ml ASA (triangle), or 5 µmol/ml ASA (square) for 48 h, then percentage of cell survival was measured by MTT 
assay. Results are expressed as percentage of the control ± SEM of three separate experiments. (B) Combination index (CI) plots of ASA+DOX versus the inhibition 
(fraction affected) of cell survival, where CI >1, <1, and 1 indicate antagonism, synergy, and additive effect, respectively. PBS, phosphate-buffered saline.

  A   B
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apoptosis were investigated. As shown in Fig. 4, caspase-3, -8 
and -9 were all activated by a single agent of either ASA or 
DOX, however, combination of these two increased the activities 
of these caspases higher than those with a single agent. These 

results indicate that induction of apoptosis by the combined 
treatment with ASA and DOX in HepG2 cells is at least in part, 
through a caspase-dependent pathway.

ASA promotes DOX-induced G2/M arrest. ASA and DOX have 
been reported to trigger G0/G1 (8) and G2/M (3) arrest in HepG2 
cells respectively. We examined the effect of combination of 
ASA and DOX on cell cycle. After cells were treated with drugs 
for 48 h, the combination of two drugs resulted in enhanced 
block in G2/M phase (Fig. 5).

ASA in combination with low-dose DOX results in tumor growth 
inhibition of HepG2 cell xenografts. Our in vitro observation 
suggests a potential role of ASA in enhancing DOX effect in the 
treatment of liver cancer. We examined the synergistic ability 
of ASA in combination with DOX to inhibit tumor growth of 
HepG2 cells in a nude mouse xenograft model. After 2 weeks, 
mice were treated with DOX at 1.2 mg/kg/dose twice a week 
intraperitoneally and/or ASA at 100 mg/kg/dose each day orally 
for the entire 3-week experimental period. Mice were sacrificed 
and the tumors were collected (Fig. 6). Images of tumor before 
and after necropsy showed that the combination treatment 
resulted in shrinkage of tumor size compared with a single agent 
or control (Fig. 7A). Even though treatment with low dose DOX 
or ASA alone induced the inhibition of tumor growth in HepG2 

Figure 3. ASA and DOX combination showed synergism in apoptosis induction in HepG2 cells. Cells were incubated with ASA (5 µmol/ml) and/or DOX (0.25 nmol/
ml) for 48 h. (A) Assessment of cell death by trypan blue staining. Statistical analyses were performed by comparison of averages between groups with ASA+DOX 
treatment and those DOX or ASA treatment (*p<0.05; **p<0.01). (B) DNA fragmentation was detected by 1.5% agarose gel containing EtBr. A representative blot 
is shown from three independent experiments. (C) Effects on Bax and Bcl-2 protein levels. Protein samples (40 µg/lane) resolved on SDS-PAGE was probed with 
corresponding antibodies. Actin was used as an internal control. A representative blot is shown from three independent experiments. (D) Bax/Bcl-2 ratio increased 
when treated in combination.

Figure 4. ASA shows synergism on augmentation of DOX-induced caspase 
activities. Cells were treaded with ASA (5 µmol/ml) and/or DOX (0.25 nmol/
ml) for 48 h and then levels of caspase activities were measured. Data are 
expressed as mean ± SEM of three independent experiments.
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Figure 5. ASA shows synergism on DOX-induced G2/M phase arrest of the cell cycle. The cells were treated with ASA (5 µmol/ml) and/or DOX (0.25 nmol/ml) for 
48 h. (A) Cell cycle distribution was analyzed by flow cytometry. Data are shown as one representative of at least three independent experiments. (B) Percentages of 
cells in each cell cycle phases are shown.

Figure 6. Experimental protocol. The mice were divided into three experimental and control groups. Nude mice at 6 weeks of age were injected s.c. with 1x107 
HepG2 cells. After 2 weeks, mice were treated with DOX at 1.2 mg/kg/dose twice a week intraperitoneally and ASA at 100 mg/kg/dose each day orally for the entire 
3-week experimental period.

Figure 7. ASA and DOX combination inhibits growth of HepG2 cell xenografts in nude mice. (A) Image of tumors before and after necropsy is shown below the 
respective group. (B) Tumor growth curve. The volume of each tumor was measured twice a week after 2 weeks The average tumor volume of control mice and 
treated with ASA and/or DOX is plotted. (C) Final tumor weight at 5 weeks. Statistical analyses were performed by comparison of averages between groups with 
ASA+DOX treatment and those of DOX or ASA treatment (*p<0.05; **p<0.01).

  A   B

  A

  B   C
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cell xenografts, combined treatment exerted more significant 
inhibitory effect (Fig. 7B). In addition, a considerable reduction 
in tumor weight was observed in the combination treatment 
group compared with a single agent treatment, with statistical 
significance (Fig. 7C). The average body weight of control or 
experimental mice did not vary significantly throughout the 
experiment (data not shown). There were no observable signs of 
distress in treated animals compared with control. Especially, 
the stomachs of aspirin-treated animals showed no observable 
signs of distress at the mucosal epithelial cell layers after histo-
logical examinations (data not shown). These results indicate 
that ASA synergizes with DOX to reduce the growth of HepG2 
cell xenografts in nude mice without causing any observable 
side effects.

Discussion

Conventional chemotherapeutic drugs cause systemic toxicity, 
which is usually increased in a dose-dependent manner. This 
major drawback of chemotherapeutic agents has led to a new 
challenge in the field of cancer research and extensive study has 
been directed towards increasing drug activity while reducing 
systemic toxicity in treating cancer. In this regard, combination 
chemotherapy has received much attention in the search for 
compounds that could increase the therapeutic index of clinical 
anticancer drugs (17).

Previous studies showed that ASA displayed anti-
neoplastic ability in various types of cancer cells. ASA has 
shown promise to be a good candidate for chemotherapy 
because of its selective cytotoxicity and weak mutagenicity 
(18). The anticancer activity of ASA is thought to be linked to 
its ability to inhibit cell proliferation and to induce apoptosis 
(19). However, NSAIDs cannot be used as a single anticancer 
agent because of their weak activity and are likely to be more 
useful in combination with other agents. We have demon-
strated a synergistic relation between ASA and DOX in regard 
to both the inhibition of cell growth and induction of apoptosis 
in human hepatocellular carcinoma cells. Synergy was quanti-
fied using the CI equation of Chou and Talalay, which allows 
for the evaluation of two or more chemotherapeutic agents at 
different concentrations and effect levels (15). This method-
ology analyzes synergy versus antagonism of the combination, 
as well as their maximal anti-tumor efficacy. The results 
showed that ASA (5 µmol/ml) and DOX (0.25 nmol/ml) when 
used in combination could provide an enhanced anticancer 
effect in HepG2 cells through the growth inhibition and the 
induction of apoptosis in tumor cells (Figs. 1 and 2).

Apoptosis (programmed cell death) is an essential physiolog-
ical process that plays a critical role in development and tissue 
homeostasis. However, apoptosis is also involved in a wide range 
of pathological conditions. Defects in apoptosis are a common 
event in oncogenesis and contribute to drug resistance (20). It is 
therefore necessary to search for ways to facilitate this apoptotic 
process by the use of chemotherapeutic drugs. Many studies have 
demonstrated that ASA was able to induce apoptosis in vitro and 
in vivo (8,9,21-24). To investigate the apoptosis-inducing effect 
of ASA as a single agent and as the combination with DOX in 
hepatoma cells, death rate of cells was examined. Cells treated 
with drugs showed more prominent cell death in the combina-
tion group (Fig. 3A). DNA fragmentation method is highly 

specific for observing apoptotic cell death. We found that ASA 
or DOX alone caused no significant increase in apoptosis and is 
very similar to control whereas the response to the combination 
was more robust. So ASA and DOX worked cooperatively to 
commit apoptosis in the cells (Fig. 3B). The synergy between 
DOX and ASA might have been due to the involvement of Bcl-2 
modulation when DOX and ASA were combined. Drug-induced 
apoptosis in several types of malignant tumor cells, mediated 
through various pathways, could be strongly inhibited by Bcl-2 
(25). Bcl-2 family is a set of cytoplasmic protein members that 
regulate apoptosis. The two main groups of this family, Bcl-2 
and Bax proteins, are functionally opposed: Bcl-2 acts to inhibit 
apoptosis, whereas Bax counteracts this effect. The current 
findings showed that ASA and/or DOX decreased the expres-
sion of Bcl-2; however, there were no change in Bax expression 
level (Fig. 3C). Furthermore, a significant increase in the ratio of 
Bax/Bcl-2 was observed when ASA was treated in combination 
with DOX, which was correlated with the incidence of apoptosis 
(Fig. 3D).

The process of apoptosis involves complex biochemical 
events that are carried out by a family of cysteine proteases called 
caspases. In the present study, we found that caspase activities, 
including caspase-3, -8, and -9, were increased when ASA was 
combined with DOX (Fig. 4). Therefore, the apoptosis induced 
by the combination of ASA and DOX seem to be caspase-
dependent and to involve both the extrinsic and intrinsic parts of 
the caspase cascade.

Cells duplicate through a process known as the cell cycle, 
one of the most fundamental procedures of living organisms, 
allowing the organisms to reproduce themselves. Cell cycle is 
regulated by a wide variety of external factors that act through 
an intracellular signal transduction network, and thereby leading 
to the progression of cell cycle or otherwise to the cell cycle 
arrest or cell death. ASA has been reported to block in G0/G1 
phase of cell cycle (8) and DOX in G2/M phase (3) in HCC cells. 
Combination of ASA and DOX synergistically blocked cell cycle 
in G2/M-phases (Fig. 5).

Various anticancer agents, including DOX, induce oxida-
tive stress, an action indispensable for their anticancer activity. 
Reactive oxygen species (ROS) generation may also be crucial 
for ASA-mediated apoptosis (8). So we studied intracellular 
ROS generation and our findings showed that ASA or DOX 
alone induced ROS but when combined each other, induced a 
higher percentage of ROS (data not shown).

Importantly, we report that administration of ASA and 
DOX caused a considerable reduction in the growth and weight 
of HepG2 cell xenograft tumors in nude mice compared to the 
control or a single drug (Fig. 7). There was no morbidity due 
to treatment, nor was there drastic variation in activity level or 
significant weight loss/gain between control and treated animals 
indicating low toxicity of ASA in vivo (data not shown).

It has been reported that ASA is used to exert anticancer 
effects through the inhibition of cell cycle progression, induc-
tion of apoptosis, and inhibition of angiogenesis (8). The exact 
mechanisms, however, are not clearly elucidated yet. It has 
been postulated that COX-independent mechanisms as well as 
COX-dependent pathway were involved.

The concentration of ASA used in our in vivo study (100 mg/
kg/day) is equivalent to a clinical dose of 520 mg for average 
body surface area or approximately one ASA tablet taken for 
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analgesic purpose (24). We observed anticancer effect of ASA 
in vivo at this low dose, however, the proper dose of ASA needed 
to see the beneficial anticancer effect in human should be deter-
mined through clinical investigation.

ASA, being one of the most widely used anti-inflammatory 
drug, is currently recommended in a daily dose for the preven-
tion of cardiovascular disease. Our present findings have 
important clinical implications in that synergistic anticancer 
effect of combination of ASA and DOX could allow DOX to be 
used at a lowered dose for the treatment of cancer, consequently 
minimizing its dose-related side effects. Although NSAIDs are 
long established and commonly used medications, their use as 
combination partners of classical anticancer agents is very new 
and promising. Further clinical investigations are warranted to 
provide evidence on the efficacy in human, proper dose, and 
long-term side effects of the combination.
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