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Glutathione Modulation Reverses the Growth-promoting
Effect of Growth Factors, Improving the 5-Fluorouracil
Antitumour Response in WiDr Colon Cancer Cells
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Abstract. Background: A common cause of treatment
failure in colorectal cancer is chemoresistance, which may
be related to the redox state of cancer cells and the tumour
microenvironment, where growth factors (GFs) play an
important role. Glutathione (GSH), a key regulator of the
redox balance, is involved in GF signalling systems and may
also protect against drug-induced cellular injury. Materials
and Methods: The effect of GSH modulation on 5-
fluorouracil (5-FU) activity on the WiDr colon cancer cell
line was studied. Cell proliferation and GSH content were
assessed. Cells were exposed to the GSH modulators, L-
buthionine-SR-sulfoximine (BSO) or L 2 oxothiazolidine-4-
carboxylate (OTZ), before treatment with 5-FU in the
presence of hepatocyte growth factor (HGF), vascular
endothelial growth factor (VEGF) or epidermal growth
factor (EGF). Results: Exposure to GFs significantly
increased GSH levels and induced a pro-tumour effect.
During the first 48 h of incubation, VEGF and EGF induced
a near 30% reduction in 5-FU antitumour activity, while
exposure to HGF abrogated the drug-induced growth
inhibition. Treatment with OTZ and BSO abrogated the
growth-promoting effects of GFs. Moreover, the addition of
either of the GSH modulators to 5-FU produced an increase
of nearly 40% in the 5-FU activity in the case of HGF or
VEGF, and a 25% increase in the case of EGF. Conclusion:
GSH manipulation could yield a therapeutic gain for
chemotherapy with 5-FU in the presence of GFs.
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Colorectal cancer (CRC) constitutes the second leading
cause of death from cancer in the Western world representing
one million new cases and half a million deaths annually
worldwide. This elevated death rate is related to the fact that
more than 20% of all patients with CRC have metastatic
disease at diagnosis, and a great number of early—stage
patients will eventually go on to develop metastatic or
advanced disease (1).

In the treatment of CRC, 5-fluorouracil (5-FU) still
maintains its preponderant role. However, various new
pharmacological strategies have been applied to enhance its
effectiveness. In particular, many different schedules of
administration have been developed (2) and this agent has
been modulated by the addition of leucovorin (LV) (3). In
the last decade, the addition of chemotherapeutic compounds
(irinotecan and oxaliplatin) and new targeted therapies
(bevacizumab and cetuximab) to standard 5-FU-based
chemotherapy regimens have improved overall survival (4).
Despite these advances in the management of CRC, there is
a strong medical need for more effective and well-tolerated
therapies. In fact, resistance to current cytotoxic therapies
limits the treatment of CRC and results in treatment failure
in the majority of advanced cancer patients. Indeed, the main
obstacle to efficient cancer treatment with 5-FU is drug
resistance (5).

Chemoresistance must be considered in the context of
tumour cells as well as the tumour microenvironment. In
relation to this, it has been reported that several growth
factors (GFs), such as hepatocyte growth factor (HGF),
vascular endothelial growth factor (VEGF) and epidermal
growth factor (EGF) are involved in the paracrine growth
mechanisms of colon cancer cells and have therefore been
identified for their potential to modulate the sensitivity of
tumour cells to chemotherapeutic agents (6). Indeed, GFs
play a pivotal role in the regulation of CRC progression and
metastasis, stimulating downstream signalling cascades
involved in cell proliferation, survival and angiogenesis, and
they appear to be viable molecular markers of invasive and
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metastatic disease (7). Moreover, we (8) and others (9) have
supported the hypothesis that the release of hepatotrophic
GFs after partial liver resection, could stimulate not only the
proliferation of hepatocytes but also the silent tumour cells
that go on to form the metastatic microfoci in the remaining
liver, producing liver tumour recurrence, which remains a
problem with high incidence in clinical settings.

An increasing amount of evidence has indicated that the
intracellular redox state plays an essential role in the
mechanisms underlying the actions of GFs. Specifically, GFs
have been reported to generate reactive oxygen species (ROS),
which can function as true second messengers and mediate
important cellular functions such as proliferation and
programmed cell death (10). The intracellular redox
homeostasis capacity is substantiated primarily by glutathione
(GSH), the most prevalent intracellular non-protein thiol (11).
On the other hand, GSH has long been known to be a
chemoresistance factor in cancer (12). It plays an important role
in the protection of cellular constituents against oxidative
damage and in detoxification and repair processes following
cellular injury caused by diverse anticancer agents. Therefore,
GSH is able to modulate cellular susceptibility to chemotherapy.
Moreover, it has been shown that colorectal carcinogenesis is
associated with serious oxidative stress (13) and that colon
cancer cells contain high GSH levels (14). There has also been
evidence to indicate that the GSH status of colon cancer cells
is a critical determinant of cell injury by various agents (15).

Based on these data, it appears plausible that modulation of
GSH content could improve the cytotoxic activity of 5-FU and
reverse the pro-tumour effects of GFs. Indeed, we have
previously shown that the induction of GSH depletion produces
a chemosensitizing effect in other tumour models (16-19).

Among GSH modulators, one of the most potent that has
been investigated is buthionine-(SR)-sulfoximine (BSO), an
irreversible inhibitor of the enzyme Yy glutamylcysteine
synthetase (the rate-limiting enzyme in GSH synthesis) (20).
Another GSH modulator is L-2-oxothizaolidine-4-
carboxylate (OTZ) (21), a prodrug that is converted into S-
carboxy-L-cysteine by the intracellular enzyme 5 oxo L
prolinase, which spontaneously decarboxylates to L-cysteine,
the rate-limiting precursor for GSH synthesis.

To test our hypothesis, we investigated the effect of GFs
on the response of WiDr cells to 5-FU and the influence of
GSH modulators (OTZ or BSO) on the growth-promoting
action of these GFs. We also evaluated the effects of adding
these modulators to treatment with 5-FU, in the presence or
absence of GFs.

Materials and Methods

Tumour cell culture. A metastatic human colon cancer WiDr cell
line was selected. The line was originally obtained from the
American Type Culture Collection (Rockville, MD, USA). The
cell line was maintained in Minimum Essential Medium (MEM)
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with Earl’s salts (GIBCO BRL, Rockville, MD, USA) adjusted to
contain 2 mM L glutamine, 1% non-essential amino acids, 1.5 g/l
sodium bicarbonate, | mM sodium pyruvate and supplemented
with 10% fetal calf serum (FCS), 100 U/ml penicillin and 100
pg/ml streptomycin (Sigma Chemical Co, St. Louis, MO, USA)
in a humidified atmosphere (5% CO,, 95% air) at 37°C.

Exponentially growing cell cultures were used in all experiments.
After brief exposure to phosphate-buffered saline (PBS)/EDTA (2
mM) and centrifuging, the pellet was re-suspended in complete
medium plus FCS and a cell count obtained with a Coulter counter
(Coultronics, Margency, France). Viability, as determined by trypan
blue exclusion, ranged from 95% to 98% .

Chemicals. 5-FU was purchased from Acofarma S.C.L. (Barcelona,
Spain). Growth factors were obtained from Sigma Chemical Co. and
reconstituted in agreement with their specification sheets. BSO and
OTZ were also obtained from Sigma Chemical Co. For the in vitro
experiments, drugs were dissolved in MEM at an appropriate
concentration.

Determination of cell proliferation. WiDr human colon cancer cells
were seeded in 24-well microplates at a density of 104 cells/well in
103 ul of growth medium plus 10% FCS, and allowed to attach and
grow for 24 h. The cells were then exposed to BSO 100 uM for 24
h. Subsequently, the BSO was removed and the cells were treated
with 5-FU for 24 h. The IC5 at 48 h was used (0.5 ug/ml of 5-FU),
as determined in previous studies. In the experiments with OTZ 5
mM, the cells were exposed to the cysteine prodrug 5 mM for 4 h
before the addition of 5-FU (for 24 h). After treatment, the cells
were washed free of drug and allowed to grow for an additional 48
h in growth medium alone (schedule A of OTZ) or with OTZ 5 mM
(schedule B of OTZ). These experiments were also carried out in
the presence of HGF 7.5 ng/ml, VEGF 10 ng/ml or EGF 25 ng/ml.
They were added at the same time as the 5-FU and maintained until
the end of the experimental period. The concentration of each GF
was chosen from preliminary studies to determine the maximal
increase in growth (data not shown). At 24, 48 and 72 h after the
addition of drugs, proliferation was measured using a
haemocytometer to count the cells growing in each well. Each assay
was repeated three times and all experiments were performed in
sextuplicate wells.

Cell growth with 5-FU alone or in combination with BSO or
OTZ, in the presence or absence of GFs, was calculated as a
percentage with respect to the growth of cells incubated in culture
medium alone (the control). The dose modification factor (DMF),
representing the degree of enhancement of drug-induced growth
inhibition by BSO or OTZ, was calculated as follows:

% inhibition by modulator agent + drug
DMF =

% inhibition by modulator agent + % inhibition by drug

GSH determination. Intracellular GSH content was determined
using the Cytofluor-2350 system. After drug exposure, the medium
was removed from the cultures and the cells were washed twice
with PBS. For the GSH assay, the cells were stained with 100 uM
monochlorobimane (Molecular Probes, Eugene, OR, USA) for 60
min at 37°C. The intracellular GSH content was proportional to the
fluorescence intensity determined with 360 nm excitation using a
460 nm emission filter, at high and intermediate sensitivity settings.
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Corrections for autofluorescence were made by subtracting
fluorescence measured in unstained cells to obtain a normalized
fluorescence index. Each assay was repeated three times and all
experiments were performed in sextuplicate wells.

Statistical analysis. Statistical analysis was performed using
GraphPad™ (GraphPad software, San Diego, CA, USA). The
test of significance was carried out using Student’s #-test and
factorial analysis of variance (ANOVA) as appropriate. The
values were considered to be statistically different from controls
when p<0.05.

Results

Effect of HGF, VEGF and EGF on the intracellular GSH
levels and proliferation rate of colon cancer cells. Treatment
of cells with GFs initially reduced the GSH levels and
subsequently significantly increased them. Exposure to
VEGEF (10 ng/ml) and EGF (25 ng/ml) resulted in a 16%
and 18% reduction, respectively, after the first hour of
incubation, with an increase at 2 h (55 and 48%,
respectively; p<0.0001) and reversion to control levels at 10
h. In the case of HGF (7.5 ng/ml), the initial reduction was
higher (31% at 2 h) and the increase was observed at 4 h
(44% ) and maintained until 8 h (p<0.0001), before reverting
to control levels at 10 h (Figure 1A).

Increased cellular GSH content induced by each of the
three GFs was accompanied by an increase in the
proliferation rate compared with control cells. Specifically,
VEGF and EGF exposure produced a 1.2-fold increase
(p<0.05) in the proliferation rate compared with control
cells at 48 and 72 h (Figure 1B). However, the increase
was maximal in the case of HGF which produced a 1.7-
fold and 1.3-fold increase at 48 and 72 h, respectively
(p<0.05).

Effect of HGF, VEGF and EGF on the antitumour activity
of 5-FU. Treatment of cells with 0.5 pg/ml 5-FU produced
a 34% reduction in GSH levels after 2 h of incubation,
following which levels were observed to recover and rise
to 20% above control levels after 4 h (p<0.01), finally
returning to the control levels at 10 h (Figure 2). Exposure
to 5-FU resulted in a 1.7-, 2.1- and 1.8-fold reduction
(p<0.0001) in the growth rate of WiDr cells at 24, 48 and
72 h, respectively. However, the presence of GFs reduced
the cytotoxic activity of 5-FU. Specifically, at 48 h,
whereas exposure to VEGF and EGF resulted in a 30%
reduction of drug activity, no significant modification in
proliferation rate of 5-FU treated cells in presence of HGF
was observed with respect to control cells. At 72 h,
treatment with 5-FU in the presence of any GF produced a
1.5-fold reduction (p<0.001) in the growth rate compared
with untreated cells (20% reduction in drug activity), as
shown in Figure 3.
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Figure 1. Effect of GFs on intracellular GSH levels (A) and on the
growth rate of WiDr cells (B). Results are expressed as mean+SD of
three independent experiments.

Effect of BSO and OTZ on the pro-tumour activity of GFs in
colon cancer cells. Tumour cells were exposed to the
modulator agents BSO or OTZ. In order to exclude cytotoxic
effects during the assays, only concentrations of the test
compounds giving at least 90% viable cells were used in the
experiments.

Treatment with 100 pM BSO produced a 51.9%
reduction (p<0.0001) in GSH levels at 24 h of incubation.
Exposure of WiDr cells to 5 mM OTZ reduced intracellular
GSH levels, with the maximal reduction being obtained at
4 h (46.2% reduction, p<0.0001). Although proliferation
was not significantly modified after 24 h of incubation with
BSO, this treatment resulted in a 1.3-fold reduction
(p<0.01) in the growth rate of WiDr 24 h after BSO was
removed. In contrast, the proliferation rate with OTZ was
already significantly lower (1.3-fold, p<0.01) after the first
24 h of incubation. However, both produced the same
reduction in the proliferation rate at 72 h (1.3-fold, p<0.01)
(Figure 4).
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Figure 2. Effect of 5-FU on the GSH levels of WiDr colon cancer cells,
expressed as a percentage of control values.
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Figure 3. Relative growth rate of WiDr cells treated with 5-FU in the
presence or absence of GFs. Results are expressed as mean+SD of three
independent experiments.

Both GSH modulators abrogated the pro-tumour effects of
GFs. Specifically, at 24 h no significant modification in
proliferation rate compared with untreated cells was
observed and a 1.2-fold reduction (p<0.01) in the
proliferation rate was obtained at 72 h (Figure 5).

Effect of BSO and OTZ on the cytotoxic activity of 5-FU on
colon cancer cells in the presence or absence of GFs.
Firstly, we analysed the effect of GSH modulators on the
activity of the chemotherapeutic agent in absence of GFs.
As shown in Figure 6, the addition of BSO to 5-FU therapy
resulted in an additive effect (DMF of 0.8), producing a
2.4-fold reduction (p<0.0001) in the proliferation rate
compared with untreated cells at 72 h. Overall, the
combined therapy of BSO + 5-FU produced a 29%
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Figure 4. Effect of BSO and OTZ on the proliferation rate of WiDr cells.
Results are expressed as mean+SD of three independent experiments.
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Figure 5. Effect of GF's on the growth rate of WiDr cells previously
exposed to BSO or OTZ. Results are expressed as mean+SD of three
independent experiments.

increase in the cytotoxic activity of 5-FU. Similarly, the
combination of OTZ and 5-FU produced a significantly
greater antitumour effect than did 5-FU alone. However, the
effect was different depending on the schedule. Whereas
schedule A resulted in a 2.6-fold reduction (p<0.0001) in
the growth rate compared with untreated cells at 72 h,
treatment with schedule B produced an even greater
reduction (3.1-fold, p<0.0001). Overall, OTZ significantly
increased the antitumour effect of 5-FU (42 and 69% with
schedules A and B, respectively), indicating an additive
effect with both combinations (DMF of 0.8 and 0.9,
respectively). Therefore, of the two GSH modulators, the
maximal enhancement of drug-induced growth inhibition
was observed with OTZ given according to schedule B
(31% greater than with BSO).
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Figure 6. Effect of 5-FU treatment alone and in combination with GSH
modulator agents BSO or OTZ (schedule A and B) on the proliferation
rate of WiDr cells. Results are expressed as mean=SD of three
independent experiments.

In the presence of GFs, 5-FU treatment after BSO
exposure resulted in a 2-fold reduction (p<0.0001) in the
proliferation rate compared with controls. These
combinations led to a 40, 39 and 23% increase in the
cytotoxic activity of 5-FU in the presence of HGF, VEGF
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Figure 7. Effect of 5-FU treatment alone and in combination with BSO
or OTZ (schedule A and B) on the growth rate of WiDr cells in presence
of GFs. Results are expressed as mean+SD of three independent
experiments.

and EGF, respectively, at 72 h. Overall, BSO pretreatment
combined with this cytotoxic drug in the presence of GFs
resulted in a DMF of approximately 1, suggesting an additive
effect. As shown in Figure 7, whereas there was no
significant increase in the antitumour effect of 5-FU with the
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addition of schedule A of OTZ in the presence of VEGF or
EGF, in the case of HGF this combination produced a 17%
increase in the antitumour effect of the drug at 72 h (1.7-fold
reduction in the proliferation rate compared with untreated
cells, p<0.0001). On the other hand, the combined therapy
of 5-FU and OTZ given according to schedule B produced a
nearly 2-fold reduction (p<0.0001) in the growth rate of
WiDr cells at 72 h in the presence of any GF. Therefore,
treatment with OTZ produced a 34, 40 and 25%
enhancement of 5 FU-induced growth inhibition after 72 h
of exposure to HGF, VEGF and EGF, respectively. The effect
of this combination on growth inhibition was additive, as
represented by a DMF of approximately 0.9.

Discussion

Resistance to chemotherapy is believed to be one of the major
causes of treatment failure in CRC. Thus, it is necessary to
explore alternative therapeutic modalities to overcome drug
resistance. To understand one of the mechanisms of resistance
to chemotherapy in colon cancer cells, we examined the
effects of GFs on WiDr cell proliferation and on the
chemotherapeutic efficacy of 5-FU. Overall, we found that
GFs have a growth-promoting effect on WiDr cells and
increase intracellular GSH levels in a time-dependent manner,
suggesting that the increase in GSH is important for the
mitogenic effect of GFs. This pro-tumour effect was maximal
after the exposure to HGF, which could be related to the
longer increase in the GSH content induced by this factor.
What is more, high GSH levels are known to contribute to
increased DNA synthesis (22). In addition, several authors
have confirmed that HGF, VEGF and EGF play a crucial role
in tumour growth and development of metastases in CRC
(23). Indeed, bevacizumab, a monoclonal antibody to VEGF,
is used in combination with 5-FU regimens as a first-line
agent for metastatic CRC (24), and cetuximab, an antibody
to the EGF receptor, is approved for the second-line treatment
of metastatic CRC (25). With respect to the influence of GFs
on GSH levels, some of the apparent discrepancies in the
literature may be due to different times of measurement,
showing levels increased or decreased with EGF depending
on the study (26, 27). On the other hand, HGF has been
reported to increase cell GSH levels only under subconfluent
density, which could explain why HGF only acts as a mitogen
under low cell density (28) and could also be related to the
partial loss of activity we found after 72 h of HGF incubation.
Moreover, accumulating data suggest that HGF may function
as an antioxidant factor able to protect against oxidative
stress-mediated death through modulation of intracellular
GSH levels (29). Indeed, HGF protects cancer cells from
DNA-damaging agents, decreasing sensitivity to
chemotherapeutic agents (30). To the best of our knowledge,
the current study is the first to show HGF abrogates 5-FU-
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induced growth inhibition in colon cancer cells over 48 h.
Taking into account that HGF could be one of the main
factors involved in the tumour-enhancing effect after partial
liver resection, the use of this drug in such situations could
be related, in part, with the high tumour recurrence. In
addition, according with previous studies in other tumour
models (31), we have shown that EGF and VEGF reduce the
cytotoxic effect of 5-FU. It has been proposed that 5-FU-
induced EGFR activation conferred protection against
chemoradiation in colon cancer cells, through activation of
DNA repair (32) and in relation to this, inhibition of EGFR
tyrosine kinase has been investigated for reversing resistance
to fluoropyrimidine treatment (33). Moreover, GFs promote
cell survival via the induction of anti-apoptotic proteins such
as Bcl-XL, which has an important role in the resistance of
CRC cells to current treatment modalities (34). It has also
been proposed that the EGFR-src-signal transducers and
activators of transcription 3 (STAT 3) oncogenic pathway
play a central role in tumorigenesis and are involved in
tumour escape from genotoxic treatments (35). On the other
hand, GFs are also known to activate the redox sensitive
transcription factor nuclear factor kappa B (NF-kB), which
may play a major role in inducible chemoresistance (36). In
addition, treatment with 5-FU activates NF-KB and inhibition
of NF-KkB enhances the cytotoxic effect of 5-FU in colon
cancer cells (37). Another possible mechanism of GF-
induced drug resistance is the increased intracellular GSH
levels. In fact, several authors have confirmed that GSH
status is a determining factor of cellular susceptibility in
host and tumour tissues to the activity of chemotherapeutic
agents (12). Furthermore, it is known that CRC is
particularly resistant to cytotoxic chemotherapy, which
could be related to the high GSH levels (14). Indeed, we
observed that with 5-FU after GSH levels decreased, they
recovered and then increased, which could also be related
to cellular resistance through a mechanism of “adaptation to
the oxidative stress” in response to 5-FU-induced ROS
generation (5). This is consistent with the fact that once the
drug treatment has been finished, the growth of tumour cells
rebounds, as we have observed.

In the light of these data, we believe that treatment with
BSO or OTZ could be a good strategy for improving the
chemotherapy involving 5-FU in the presence of GFs. We
initially compared the ability of BSO and OTZ as anticancer
agents. In agreement with the literature (20, 21), our study
shows that both induce a decrease in the intracellular GSH
level (approximately 50% ) and produce a significant
growth-inhibitory effect. However, while OTZ impaired
activity at an early stage, BSO treatment produced GSH
depletion at 24 h but did not reduce proliferation until 24 h
after it was removed. Both GSH modulators abrogate the
growth-promoting effects of GFs on WiDr cells by
depressing GSH levels. Previous studies have also shown
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that BSO interfered with the proliferation induced by GFs in
other cell types (27, 28), although the effect of OTZ has not
been reported prior to the present study. It is important to
note that GF-induced signal transduction mechanisms are
redox sensitive, and alterations in cellular GSH content may
thus affect the growth of GF-sensitive cells. In fact, GF-
stimulated ROS generation plays a role in these complex
signalling cascades (38, 39). However, ROS are well
recognised for playing a dual role because their
overproduction, which might be initiated by two successive
triggering agents such as GSH modulators and GFs, results
in oxidative stress, a process that can damage cell structures,
including lipids and membranes, proteins and DNA (11, 40).
Moreover, the fact that NF-KB is involved in GF-dependent
proliferation and that the transcription factor activity might
also be subject to regulation by GSH (41) means that it is
possible to speculate that depletion of cellular GSH content
could interrupt NF-kB functions and consequently lead to
growth inhibition, as has also been suggested by other
authors in the case of tumour necrosis factor-alpha-induced
NF-kB activation (42).

Secondly, an additive effect was also demonstrated with
the combined therapies of 5-FU with BSO or OTZ. Schedule
dependency was observed with OTZ. Overall, replacement
of OTZ after 5-FU removal (schedule B) was found to be the
best therapeutic schedule. In fact, the optimum results were
obtained with this combination (nearly 70% increase in 5-
FU efficacy), approximately 30% higher than the
enhancement of the drug-induced growth inhibition by BSO.
Previous studies have also shown that BSO treatment
enhanced the cytotoxic activity of 5-FU in colon cancer cells
(43, 44). In other studies, high-dose therapy with
antioxidants such as pyrrolidine dithiocarbamate (PDTC)
and N-acetylcysteine (NAC) is reported to increase the
efficacy of 5-FU (45), although we have previously
demonstrated that the increased intracellular GSH levels
induced by NAC are not specific to normal cells and
moreover NAC was also found to enhance the proliferation
rate of cancer cells (18).

Finally, we observed that the addition of OTZ or BSO to
5-FU therapy in the presence of GFs produced a significantly
greater antitumour activity than that obtained with 5-FU
alone. Both GSH modulators, OTZ (given according to
schedule B) or BSO in combination with 5-FU seem to have
similar effects on the proliferation rate of WiDr in the
presence of GFs, the same as obtained with 5-FU alone in
absence of GFs. However, we (16) and others (20) have
previously shown that BSO enhances the cytotoxic effects of
drugs against tumours, but also produces a simultaneous
increase in the toxicity of these chemotherapeutic drugs in
normal tissues. Clearly, an ideal cancer treatment would
combine protection of normal tissues against toxicity and
sensitisation of tumours to anticancer drugs. In relation to

this, we have previously observed that OTZ increases the
sensitivity of melanoma cells to the cytotoxic action of
acrolein by depressing GSH levels, and protects peripheral
blood mononuclear cells (PBMCs) by increasing them (17-
19). This has been related to a significantly lower level of 5
oxoprolinase in tumours than in normal tissues (46). Hence,
the selective inhibition of GSH with OTZ could be a
promising approach, allowing dose escalation of the
chemotherapeutic agents.

In summary, the addition of OTZ or BSO to chemotherapy
with 5-FU is an option worth considering to abrogate WiDr
cell GF-mediated chemoresistance and to thereby
significantly enhance the therapeutic benefit of the anticancer
drug in such circumstances. Moreover, taking into account
the role of GFs in the development of metastasis and in the
tumour-stimulating effect secondary to hepatectomy, this
strategy could be crucial in the treatment of metastatic
disease and to prevent the recurrence of liver metastases
following curative surgery.
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