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Impact of primary tumor location as a predictive factor
in patients suffering from colorectal cancer treated with
cytotoxic anticancer agents based on the collagen
gel droplet-embedded drug sensitivity test
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Abstract. In recent studies, better clinical outcomes for patients
with left-sided colon cancer (CC) compared with right-sided
CC have been reported; however, in such investigations, the
chemotherapy regimens included molecular-targeting agents.
To the best of our knowledge, the impact of primary tumor
location as a predictive factor in patients suffering from CC
treated with cytotoxic anticancer agents alone has not been
investigated. The aim of the present study was to determine
the impact of the primary tumor location as a predictive factor
of patients undergoing the following cytotoxic anticancer
agent regimens: Leucovorin and fluorouracil + oxaliplatin
(FOLFOX) or Leucovorin and fluorouracil + irinotecan
(FOLFIRI), using the collagen gel droplet-embedded
drug sensitivity test (CD-DST). Between March 2008 and
April 2017, tumor specimens were obtained from 133 patients
suffering from colorectal cancer (CRC) who had not received
preoperative chemotherapy. CD-DST was performed and the
growth inhibition rate (IR) was determined in FOLFOX and
FOLFIRI regimens. The associations between tumor loca-
tion and IR values for each condition were evaluated. In the
present study, the prognosis of patients receiving palliative
chemotherapy as well as treatment with molecularly-targeted
agents was also investigated. There were no significant differ-
ences in the IRs (%) of the two regimens using CD-DST for
right-sided tumors compared with left-sided tumors, including
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or excluding the rectum. The median survival times of patients
with right CC and left CC who had received palliative chemo-
therapy and treatment with molecularly-targeted agents were
960 and 1,348 days, respectively. Primary tumor location did
not represent a predictive factor for the efficacy of treatment
with cytotoxic anticancer agent regimens using CD-DST.
However, patients suffering from left-sided CC were revealed
to exhibit better clinical outcomes compared with patients
suffering from right-sided CC when molecularly-targeted
agent regimens were administered. Therefore, the results of
the present study suggested that molecularly-targeted agents
rather than cytotoxic anticancer agents may result in improved
clinical outcomes for patients with CRC suffering from
left-sided tumors.

Introduction

Colorectal cancer (CRC) is one of the most common cancers
types worldwide (1,2). Within the last ten years in particular,
the prognosis for patients with metastatic CRC has mark-
edly improved due to patients undergoing advanced surgical
resection of localized metastases and advanced systemic
chemotherapy (3.4). Leucovorin (FOL) and fluorouracil (5-FU)
plus oxaliplatin (I-OHP; FOLFOX), or FOL and 5-FU plus
irinotecan (SN-38; FOLFIRI), administered in combination with
molecularly-targeted drugs, are used as first-line chemotherapy
regimens in the treatment of patients with advanced CRC
worldwide (5,6). In recent years, various studies have revealed
that the median survival time (MST) of patients with advanced
CRC undergoing chemotherapy is >30 months when patients
are simultaneously administered a combination of numerous
cytotoxic agents and molecularly-targeted therapies (7-10).

In previous years, the use of primary tumor location in CRC
as a predictive factor for response to therapy has attracted atten-
tion. Numerous studies have demonstrated the predictive impact
of primary tumor location in CRC (11-13). In embryonic devel-
opment, the right colon (the cecum, the ascending colon and the
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transverse colon) and the left colon (the descending colon and
the sigmoid colon) originate from the midgut and the hindgut,
respectively (14). Improved clinical outcomes for patients with
left-sided colon cancer (CC) compared with patients with
right-sided CC have been previously reported (11-14). Improved
outcomes for patients with left-sided CC are dependent upon
molecular tumor biology, particularly when molecularly-targeted
agent regimens for palliative chemotherapies are used (15-22).
Therefore, in aforementioned studies, the administered chemo-
therapy regimens always included molecularly-targeted agents.
To the best of our knowledge, the impact of primary tumor
location as a predictive factor in cytotoxic anticancer agent
alone (administration of FOLFOX/FOLFIRI in the absence of
molecularly-targeted agents) remains to be determined.

The aim of the present study was to clarify the impact of
primary tumor location as a predictive factor for the efficacy of
cytotoxic anticancer agents when administered in the absence
of molecular target agents using collagen gel droplet-embedded
drug sensitivity test (CD-DST).

Materials and methods

Patients. Between March 2008 and April 2017, tumor speci-
mens were obtained from 133 patients with CRC. Lymph node
metastasis with and without distant metastasis was reported in
these patients. All patients included in the present study had
not received preoperative chemotherapy or chemoradiotherapy
prior to enrollment. Written, informed consent for the deter-
mination of individual chemosensitivity was obtained from
all patients. Approval for the present study was granted by
the Tobu Chiiki Hospital Institutional Review Board (Tokyo,
Japan; grant no. 02.03.29. #1).

Methods. The concept of the CD-DST method, it is in vitro
assay, is to reproduce the minimum iz vivo tumor environment
and predict the effect of anticancer drugs on the original primary
tumor in vivo. This method was approved by the Japanese
Ministry of Health, Labor and Welfare as Practical Diagnostic
Assay in 2008 as an assay reimbursed with public medical
insurance after assessing the validity, safety and reliability of the
assay. CD-DST was performed using a Human Cancer Primary
Culture System kit; Primastard (Kurabo Industries, Ltd., Osaka,
Japan). All tumor tissues were excised from primary surgical
specimens and subjected to CD-DST. CD-DST analysis was
performed to investigate the drug sensitivity of isolated tumor
cells cultured in a three-dimensional manner in a small collagen
gel droplet, and to determine the sensitivity of the tumors to
5-FU, which was performed in accordance with a protocol
previously published by Kobayashi ez al (23,24). Each specimen
was washed five times with 50 ml saline, which was followed
by with an additional five washes with 50 ml antibiotic fluid
containing 1.0 mg/ml piperacillin and 0.5 mg/ml kanamycin.
The transport centrifuge tube was filled with 30 ml of the
culture medium containing 1.0 mg/ml piperacillin, 0.5 mg/ml
kanamycin and 2.5 yg/ml amphotericin B. Tissue samples (1 g)
were incubated for 2 h at 37°C with a cocktail containing 1.0%
dispersion enzyme EZ™ (Kurabo Industries, Ltd.). Dispersed
cell suspensions were inoculated in pre-culture media in
collagen-coated flasks (CG-flusk™; Kurabo Industries, Ltd.)
overnight. Surviving tumor cells were subsequently recovered
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via treatment with 0.05% collagenase and then embedded in
30 pl collagen gel droplets.

Embedded cells were then incubated for 24 h at 37°C in
culture media containing either 5-FU (6.0 xg/ml) and 1-OHP
(3.0 ug/ml; FOLFOX regimen), or 5-FU (6.0 ug/ml) and SN-38
(0.2 ug/ml; FOLFIRI regimen). Following the removal of the
anticancer agent-containing media, cells were additionally
cultured for 7 days in serum-free culture media (PCM-2™;
Kurabo Industries, Ltd.) to prevent the growth of fibroblasts.
Surviving cells were stained with neutral red solution and
counted using the imaging colorimetric quantification method
(Primage™; Kurabo Industries, Ltd.). The viable cell number
ratio between the drug-treated group and the control group,
which received no drug treatment, was calculated. A growth
rate of <0.8 was considered to indicate a successful culture.

Collecting cancer cells. A viable region was taken by a skilled
surgeon while avoiding the necrotic area from the excised
tumor tissue. It was confirmed by a pathologist that the excised
tumor was definitely a cancer tissue. Then, the viable cancer
cells were collected through the means of digestion by enzyme
and pre-culture method. Cell lines from collected cancer cells
were not established.

Validity of the assay. For the control group, when the required
minimum number of cells (measured value of the Image
Analysis System; 0.1 or more) was present and the relative
proliferation ratio in the assay period was 0.8 or more, it was
regarded as being performed correctly.

Treatment. Cetuximab or panitumumab was administered prior
to cytotoxic chemotherapies: 400 mg/m? of cetuximab was
infused intravenously over 2 h on day 1, then 250 mg/m? over 1 h
every week, and 6 mg/kg of panitumumab was infused intrave-
nously over 1 h every 2 weeks. Bevacizumab was administered
prior to cytotoxic chemotherapies: 5 mg/kg of bevacizumab was
infused over 90 min every 2 weeks. Assuming no adverse reac-
tions, subsequent infusions were administered over a half-hour
to 1 h every other week.

Both histograms and associations between growth inhibition
rate (IR) values for each condition were investigated. Cancers
proximal or distal of the splenic flexure were designated as
right-side or left-side CRC, respectively. The association between
the side of the tumor and IR values was determined. The prog-
nosis for patients with right CC vs. patients with left CC was also
investigated using patients undergoing palliative chemotherapy
who additionally received molecularly-targeted treatment.

Statistical analysis. Histograms were analyzed using the
D'Agostino-Pearson omnibus normality test. Data are
presented as the median, mean, standard deviation (SD) and
standard error (SE) of the mean of IR values. The association
between each condition was determined via linear regres-
sion analysis. The associations between IR values of patients
with right-side tumors and left-side tumors were investigated
using the Student's t-test. MST values were calculated using
the Kaplan Meier method. Overall survival curve groups
were compared using the log rank test. Data are presented
as the mean + standard deviation and were analyzed using
GraphPad Prism software (version 5.04; GraphPad Software,
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Table I. Patient characteristics.
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Ascending Transverse Descending Sigmoid
Primary tumor location Cecum colon colon colon colon Rectum Total
Age, years, mean (range) 63.1 66.9 69.0 68.1 66.5 66.0 65.5
(42-79) (46-81) (36-84) (55-82) (47-82) (37-79) (36-84)

Sex, male/female 2/5 15/8 2/5 5/5 32/8 28/18 84/49
Histological type

Papillary adenocarcinoma 1 1 2

Well differentiated 3 5 2 2 8 26

adenocarcinoma

Moderately differentiated 4 14 3 6 28 33 88

adenocarcinoma

Poorly differentiated 1 2 2 5

adenocarcinoma

Mucinous adenocarcinoma 4 1 2 3 1 11

Squamous cell carcinoma 1 1
Total 7 23 7 10 40 46 133
Table II. Palliative chemotherapy patient characteristics.

Ascending Transverse Descending Sigmoid
Primary tumor location Cecum colon colon colon colon Rectum Total
Age, years, mean (range) 54 63.5 74.5 68.4 64.6 64.7 65.1
(52-78) (70-79) (55-80) (51-80) (51-78) (51-80)

Sex, male/female 0/1 51 02 2/3 10/3 12/3 29/13
Histological type

Papillary adenocarcinoma 1 1 2

Well differentiated 1 1 1 1 4

adenocarcinoma

Moderately differentiated 1 5 1 3 9 11 30

adenocarcinoma

Poorly differentiated 1 1 2

adenocarcinoma

Mucinous adenocarcinoma 1 1 1 3

Squamous cell carcinoma 1 1
Total 1 6 2 5 13 15 42

Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a
statistically significant difference.

Results

Patients. Patient characteristics are presented in Table I. A
total of 42 of the 133 patients received palliative chemotherapy
following surgery, the characteristics of whom are presented
in Table II. Of the 42 patients, 25 CC patients [right CC (n=7)
and left CC (n=18)] received palliative chemotherapy with
molecularly-targeted agents. The number of patients with
right CC who received bevacizumab (Genentech, Inc., South
San Francisco, CA, USA) and both bevacizumab and cetux-
imab (Merck KGaA, Darmstadt, Germany) were five and two,

respectively. Of the patients with left CC, nine patients received
bevacizumab, two patients received cetuximab, one patient
received panitumumab (Amgen, Inc., Thousand Oaks, CA,
USA), five patients received both bevacizumab and cetuximab
and one patient received both bevacizumab and panitumumab.

Histograms of the individual growth IR values. Histograms
of the individual growth IRs (%) under the conditions
of the FOLFOX and FOLFIRI regimens are presented
in Figs. 1 and 2, respectively. The median, mean, SD and SE
of the mean in the FOLFOX regimen were 58.7, 58.5, 16.7 and
1.45, respectively. The median, mean, and SD and SE of the
mean in the FOLFIRI regimen were 69.1, 66.2, 17.1 and 1.48,
respectively. The histograms passed the normality test (a=0.05;
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Figure 1. Histogram of individual growth inhibition rates (%) was investi-
gated in culture media containing 5-fluorouracil and l-oxaliplatin at 6.0 and
3.0 ug/ml that was incubated for 24 h at 37°C. FOLFOX, leucovorin and
fluorouracil plus oxaliplatin.
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Figure 2. Histogram of individual growth inhibition rates (%) was investi-
gated in culture media containing 5-fluorouracil and irinotecan at 6.0 and
0.2 pg/ml that was incubated for 24 h at 37°C. FOLFIRI, leucovorin and
fluorouracil plus irinotecan.

FOLFOX regimen, P=0.68; FOLFIRI regimen, P=0.06). There
was a strong correlation between the IRs (%) of the FOLFOX
and FOLFIRI regimens (Fig. 3; y=0.88x+14.98, R*=0.74).

IR values of all patients in the FOLFOX regimen. The IRs (%) of
right- and left-sided tumors including the rectum, were 57.4+2.5
and 58.5+1.8, respectively (P=0.72; Fig. 4A). The IRs (%) of
right- and left-sided tumors excluding the rectum (n=87) were
574+2.5 and 61.6+2 4, respectively (P=0.23; Fig. 4B).

IR values of all patients in the FOLFIRI regimen. The IRs
(%) of right- and left-sided tumors including the rectum, were
67.0+2.3 and 65.8+1.9, respectively (P=0.69; Fig. 5A). The IRs
(%) of right- and left-sided tumors excluding the rectum (n=87)
were 67.0+2.3 and 69.1+2 4, respectively (P=0.53; Fig. 5B).

IR values of 42 patients receiving palliative chemotherapy
in the FOLFOX regimen. The IRs (%) of right- and left-sided
tumors including the rectum, were 63.8+5.4 and 62.9+2.8,
respectively (P=0.88; Fig. 6A). The IRs (%) of right- and
left-sided tumors excluding the rectum (n=27) were 63.8+5.4
and 67.0+3.8, respectively (P=0.64; Fig. 6B).
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Figure 3. Correlation between individual growth inhibition rates and
condition types. FOLFOX, leucovorin and fluorouracil plus oxaliplatin;
FOLFIRI, leucovorin and fluorouracil plus irinotecan.

IR values of 42 patients receiving palliative chemotherapy
in the FOLFIRI regimen. The IRs (%) of right- and left-sided
tumors including the rectum, were 74.0+2.6 and 69.2+2.8,
respectively (P=0.22; Fig. 7A). The IRs (%) of right- and
left-sided tumors excluding the rectum (n=27) were 74.0+2.6
and 72.7+3.5, respectively (P=0.76; Fig. 7B).

IR values of 25 patients with CC receiving palliative chemo-
therapy and treated with molecularly-targeted agents in the
FOLFOX regimen. The IRs (%) of right- and left-sided tumors
in the FOLFOX regimen were 61.9+6.5 and 67.0+3.8, respec-
tively (P=0.52; Fig. 8A).

IR values of 25 patients with CC receiving palliative chemo-
therapy and treated with molecularly-targeted agents in
the FOLFIRI regimen. The IRs (%) of right- and left-sided
tumors in the FOLFIRI regimen were 74.1+3.2 and 72.7+3.5,
respectively (P=0.77; Fig. 8B).

Among all patients, there was no significant difference in
the IRs (%) of the FOLFOX and FOLFIRI regimens using
CD-DST between right- and left-sided tumors, including or
excluding the rectum.

Prognosis of 25 patients receiving palliative chemotherapy
and treated with molecularly-targeted agents. The median
follow-up time period of patients suffering from CC who
had been administered palliative chemotherapy and treat-
ment with molecularly-targeted agents (n=25) was 800 days.
Furthermore, the MSTs in patients with right CC and patients
with left CC were 960 and 1,348 days, respectively (Fig. 9).
However, there were no significant differences (P=0.11).

Discussion

The CD-DST method is an examination for evaluating
the effect of a cross productive anticancer drug on tumors
under a culturing condition that minimally reproduces
tumor microenvironments in vivo. This reproduction of this
microenvironment is to carry out three-dimensional primary
culture on a coexistence of cancer cells and fibroblasts derived
from tumor tissue with a serum-free medium containing
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Figure 4. Growth inhibition rates in the FOLOX regimen of right-sided and left-sided tumors in all patients and in 87 patients suffering from colon cancer. In
all patients (A) and in 87 patients suffering from colon cancer (B), growth inhibition rates in the FOLFOX regimen (%) of right-sided and left-sided tumors
were investigated in culture media containing 5-fluorouracil and l-oxaliplatin at 6.0 and 3.0 ug/ml that was incubated for 24 h at 37°C. FOLFOX, leucovorin
and fluorouracil plus oxaliplatin.
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Figure 5. Growth inhibition rates in the FOLFIRI regimen of right-sided and left-sided tumors in all patients and in 87 patients suffering from colon cancer.
In all patients (A) and in 87 patients suffering from colon cancer (B), growth inhibition rates in the FOLFIRI regimen (%) of right-sided and left-sided tumors
were investigated in culture media containing 5-fluorouracil and irinotecan at 6.0 and 0.2 yg/ml for 24 h at 37°C. FOLFIRI, leucovorin and fluorouracil plus
irinotecan.
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Figure 6. Growth inhibition rates in the FOLOX regimen of right-sided and left-sided tumors in 42 patients with colorectal cancer and in 27 patients with colon
cancer. In 42 patients with colorectal cancer receiving palliative chemotherapy (A) and in 27 patients with colon cancer receiving palliative chemotherapy (B),
growth inhibition rates in the FOLFOX regimen (%) of right-sided and left-sided tumors were investigated in culture media containing 5-fluorouracil and
l-oxaliplatin at 6.0 and 3.0 yg/ml that was incubated for 24 h at 37°C. FOLFOX, leucovorin and fluorouracil plus oxaliplatin.

various cell growth factors in the collagen gel which is an  Analysis System’, which utilizes the difference in growth
extracellular matrix (ECM). In order to accurately evaluate = morphology between cancer cells and fibroblasts (25). In the
chemosensitivity against cancer cells, it is evaluated by ‘Image =~ CD-DST method, the primary cancer cells were cultured in
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Figure 7. Growth inhibition rates in the FOLFIRI regimen of right-sided and left-sided tumors in 42 patients with colorectal cancer and in 27 patients with
colon cancer. In 42 colorectal cancer patients receiving palliative chemotherapy (A) and in 27 colon cancer patients receiving palliative chemotherapy (B),
growth inhibition rates in the FOLFRI regimen (%) of right-sided and left-sided tumors were investigated in culture media containing 5-fluorouracil and
irinotecan at 6.0 and 0.2 yg/ml that was incubated for 24 h at 37°C. FOLFIRI, leucovorin and fluorouracil plus irinotecan.
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Figure 8. Growth inhibition rates in the FOLOX and FOLFIRI regimens of right-sided and left-sided in 25 patients with colon cancer. (A) In 25 patients
with colon cancer receiving palliative chemotherapy and treated with molecularly-targeted agents, growth inhibition rates in the FOLFOX regimen (%) of
right-sided and left-sided tumors were investigated in culture media containing 5-FU and l-oxaliplatin at 6.0 and 3.0 pg/ml that was incubated for 24 h at 37°C.
(B) In 25 patients with colon cancer receiving palliative chemotherapy and treatment with molecularly-targeted agents, growth inhibition rates in the FOLFIRI
regimen (%) of right-sided and left-sided tumors were investigated in culture media containing 5-FU and irinotecan at 6.0 and 0.2 yg/ml that was incubated for
24 h at 37°C. 5-FU, 5-fluorouracil; FOLFOX, leucovorin and fluorouracil plus oxaliplatin; FOLFIRI, leucovorin and fluorouracil plus irinotecan.
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Figure 9. In 25 patients with colon cancer receiving palliative chemotherapy
and treated with molecularly-targeted agents, the overall survival rates in
patients with left colon cancer (black line) and right colon cancer (gray line)
were determined.

serum-free medium. In addition, the serum-free medium does
not contain cell growth factors necessary for proliferation of

fibroblasts and vascular endothelial cells that may be contami-
nated. Unlike on collagen gel (2D-culture), fibroblasts have
the property of suppressing their proliferation in collagen
gel (3D-culture). In the collagen gel, the epithelium-derived
cancer cell and the mesenchymal normal cell clearly differ in
their proliferation form. The former takes a spherical or thick
dendritic form; the latter universally takes a bipolar shape. The
fact that spherical colonies are cancer cells has been confirmed
by the immunostaining method at the time of development of
this assay method (25). Macrophages and lymphocytes, which
are typical inflammatory cells, are not adhered on collagen
gel coat flasks during preliminary culture within 72 h, so they
are always removed by medium change. The cancer cells are
thereby purified. As described above, in the CD-DST method,
the chemosensitivity of each anticancer agent is evaluated in
the primary cell-culture condition of cancer cells which have
been collected and purified from fresh tumor tissue.

As mentioned earlier, this assay is intended to ‘predict
the direct effect of anticancer drugs on tumor tissue’, so it
is not possible to evaluate the adverse reactions caused by
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chemotherapy. Many side effects caused by administration
of anticancer drugs are caused by disorders such as bone
marrow, peripheral nerve, gastrointestinal tract, not tumor
part. Therefore, the influence of anticancer agents on normal
cells on the premise of side effect prediction deviates from our
objective. Regarding the influence on normal cells in the tumor
tissue, in the CD-DST method, fibroblasts derived from tumor
tissue are mixed in the collagen gel. The proliferation of these
cells is suppressed by the culture environment and a serum-free
medium, but it does not lead to cell death and its physiological
activity is maintained. Under this coexisting condition, we
can evaluate the effect of anticancer drugs on cancer. Usually,
when chemotherapy is performed, patients are monitored for
the occurrence and degree of adverse reactions, symptomatic
treatment is administered at any time, and symptoms are also
managed (26). As we already reported (27-29), the prognosis of
the high-sensitive group is good, so the prediction of adverse
reactions is not so important, but it seems to be most important
to extract the group that can be expected to be effective.

FOLFOX or FOLFIRI in combination with molecu-
larly-targeted drugs represent first-line chemotherapy regimens
used for the treatment of advanced CRC globally (3,4). It has
been reported that the clinical response rates to FOLFOX and
FOLFIRI are equivalent (~50%) (30-33). In the present study,
there were a number of small differences between the IRs (%)
of the FOLFOX and FOLFIRI regimens in numerous patients.
However, there was a strong overall correlation between the
IRs (%) of the two regimen exhibited by the majority of patients
(R?=0.74). Therefore, this result might show that the efficacies
of FOLFOX and FOLFIRI are approximately equivalent in
individual. This result also supports the findings of previous
studies (30-33).

Improved clinical outcomes for patients with left-sided
CC compared with patients with right-sided CC have been
reported worldwide (11-13). It has been previously demon-
strated that improved outcomes for patients with left-sided CC
is dependent upon molecular tumor biology, particularly when
molecularly-targeted agent regimens are used (15-22). The
molecular differences between the right colon and the left colon
are notable. Molecularly, right-sided CC and left-sided CC are
two different diseases (14). Right-sided CC is associated with
defective mismatch repair (MMR) genes, as well as mutations in
K-Ras, B-Raf and microRNA-31, whereas left-sided CC is associ-
ated with p53, chromosomal instability and expression of N-Ras,
microRNA-146a, microRNA-147b and microRNA-1288 (34-36).
In clinical practice, molecularly-targeted agents corresponding
to identified molecular tumor biology are improving prognostic
prediction (15-22). Therefore, primary tumor location may be
considered to represent a predictive factor in molecularly-targeted
agents. Molecularly-targeted agents should be administered
according to molecular tumor biology. However, to the best
of our knowledge, there is only one study that has previously
investigated whether primary tumor location alone is a predic-
tive factor for the correct use of cytotoxic anticancer agents (15).
Boisen ez al reported that patients with left-sided CC treated with
capecitabin and oxaliplatin (CAPEOX) with bevacizumab exhib-
ited improved clinical outcomes compared with patients suffering
from right-sided CC. However, no correlation between primary
tumor location and outcome was observed in patients treated
with CAPEOX without bevacizumab (15). In recently performed
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chemotherapy trials, molecularly-targeted agent regimens were
revealed to be necessary, particularly in patients receiving pallia-
tive chemotherapy (5,6). Therefore, at present, it is difficult to
investigate primary tumor location as a predictive factor in patients
treated with cytotoxic anticancer agents alone via prospective
randomized studies, particularly in patients undergoing palliative
chemotherapy. Previously, we have reported the effectiveness of
CD-DST for the individualization of first-line treatment in CRC.
Therefore, the present study aimed to determine the importance
of primary tumor location as a predictive factor in cytotoxic anti-
cancer agent treatment using CD-DST (27-29).

In the present study, there were no significant differences
in the IRs (%) of the FOLFOX and FOLFIRI regimens using
CD-DST between right- and left-sided tumors, including or
excluding the rectum. These results were consistent with
Boisen's study (15). Cytotoxic anticancer agents inhibit the
cellular division of cancer cells as well as normal cells (26).
5-FU is an S-phase-specific drug and is active only during
specific stages of the cell cycle. The target enzyme of 5-FU
is thymidylate synthase, which is the main enzyme associ-
ated with DNA synthesis. Therefore, 5-FU inhibits DNA
synthesis, which results in RNA dysfunction (27,37,38).
Irinotecan is also an S-phase-specific drug that is active
only during specific stages of the cell cycle. Irinotecan is
metabolized by carboxylesterases to its active metabolite,
7-ethyl-10-hydroxycamptothecin (SN-38). SN-38 functions as
a classic topoisomerase I inhibitor by stabilizing the topoi-
somerase I/DNA cleavable complex, which subsequently
blocks DNA replication and results in DNA strand break-
ages (39). Furthermore, oxaliplatin is a cell-cycle non-specific
antineoplastic agent (40). Oxaliplatin is classified as a
third-generation platinum compound, following cisplatin and
carboplatin. Similar to other platinum compounds, oxali-
platin, cisplatin and carboplatin form crosslinks with DNA
strands within cancer cells and inhibit DNA replication and
transcription (41). It has been well established that cancer
cells attenuate this effect by removing cisplatin from DNA
via an MMR mechanism (42). However, it has been previ-
ously revealed that oxaliplatin, which is larger in structure
than cisplatin, is not removed by MMR and it is difficult
to acquire a tolerance to (43-45). It can be suggested that
molecular tumor biology may not significantly affect the
efficacy of cytotoxic anticancer agents during the cell divi-
sion stage of cancer cells. Therefore, in patients receiving
adjuvant chemotherapy in the absence of treatment with
molecularly-targeted agents, improved outcomes for patients
suffering from left-sided CC compared with right-sided CC
are not observed (46-48). However, of the 25 patients that
received palliative chemotherapy as well as treatment with
molecularly-targeted agents in the present study, the MSTs
in patients suffering from right-sided CC and left-sided CC
were 960 and 1,348 days, respectively. This result supports
the hypothesis that when administered molecularly-targeted
agent regimens, patients suffering from left-sided CC exhibit
improved clinical outcomes compared with patients suffering
from right-sided CC, depending upon molecular tumor
biology, as Boisen et al reported (15). In the CD-DST, there
were no significant differences in the IRs (%) of cytotoxic anti-
cancer agents without molecularly-targeted agents between
right- and left-sided colon cancer tumors. Conversely, clinical
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outcomes of left-sided colorectal cancer patients treated with
cytotoxic agents and molecularly-targeted agents were better
than those of right-sided colon cancer patients. Thus, impact
on the prognosis may be due to the effect of molecular target
agents. Therefore, primary tumor location may represent
a predictive factor for the efficacy of molecularly-targeted
agents, rather than a prognostic factor, in patients with CRC.

However, there were several limitations in the present study.
Firstly, the sample size was small. However, the proportion of
rectal cancers in left-sided colorectal cancers was not small,
which might have influenced statistical analysis. Therefore, we
had to evaluate the prognosis of only colon cancer patients in
palliative chemotherapy with molecularly-targeted agents. A
larger sample size would have improved the quality of the data.
Secondly, observation periods were short for overall survival
rates. The small sample size and the short observation periods
may have affected the validity of statistical analyses. Thirdly,
we did not evaluate the effects of cytotoxic anticancer agents
on normal cell division. Investigation of these effects would
have improved the quality of the data.

In conclusion, primary tumor location was revealed to
not represent a predictive factor in cytotoxic anticancer agent
regimens for patients with CRC. However, improved clinical
outcomes for patients with left-sided CC compared with
right-sided CC were demonstrated when patients were admin-
istered molecularly-targeted agent regimens. Therefore, the
results of the present study suggested that molecularly-targeted
agents rather than cytotoxic anticancer agents may result in
improved clinical outcomes for patients with CC suffering
from left-sided tumors.
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