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Abstract. Aim: To evaluate whether the results of
chemosensitivity testing were associated with prognosis of
colorectal cancer patients after adjuvant 5-fluorouracil
(FU)/ leucovorin chemotherapy. Patients and Methods:
Eighty-nine patients who received 5-FU/leucovorin adjuvant
chemotherapy for colorectal cancer were enrolled.
Chemosensitivity tests were performed and tumor growth
inhibition rate was calculated using the MTT (3-(4,5dimethylthiazol-2-yl)02,5-diphenyl-2H tetrazolium bromide)
assay. Results: Fifty-one patients (57.3%) were sensitive to
5-FU according to the chemosensitivity test. After a median
follow-up of 64 months, there was a significant difference
between the 5-year disease-free survival rates of the chemosensitive and chemo-resistant groups. However, there was no
significant difference in the overall 5-year survival between
the chemo-sensitive and chemo-resistant groups. Conclusion:
A positive 5-FU sensitivity test with in vitro histoculture drug
response assay (HDRA) was associated with better diseasefree survival. Chemosensitivity may be a prognostic factor
for colorectal cancer patients undergoing adjuvant 5-FU/
leucovorin chemotherapy.

Although the survival rate of patients with colorectal cancer
is increasing, this type of cancer remains one of the leading
causes of cancer-related death (1). Surgery is the primary
modality used to treat colorectal cancer and adjuvant therapy
provides an additional survival benefit (2). Chemotherapy
after curative resection of cancer is associated with a wide
variety of outcomes. The ability to predict the response to
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certain chemotherapeutic agents would be helpful in a
number of ways. Specifically, such predictive powers would
provide valuable information for favorable outcomes and
reduce complications caused by the chemotherapeutic agents.
There have been several studies on various cancers
examining the relationship between postoperative prognosis
and chemosensitivity (3), as well as the usefulness and
applicability of chemosensitivity testing in vitro.
Furthermore, a number of studies have correlated clinical
response with the results of chemosensitivity testing of
malignancies; however, none of these have focused on
colorectal cancer. Thus, the purpose of this study was to
evaluate whether the results of chemosensitivity testing using
the histoculture drug response assay (HDRA) were
associated with the prognosis of colorectal cancer patients.

Patients and Methods

Patients and data. Prospectively collected data were analyzed
retrospectively for patients with T3 or T4 colorectal cancer without
nodal involvement and node-positive rectal cancer without distant
metastasis, who had undergone radical resection and treatment with
5-fluorouracil (5-FU)/leucovorin adjuvant chemotherapy at the Korea
University Ansan Hospital between December 2005 and December
2012. D2 or D3 lymphadenectomies were routinely performed for
all patients. Pathologic examinations were conducted by experienced
pathologists and the pathologic stage was determined according to
the 7th Edition of the American Joint Committee on Cancer
guidelines. Patients who had familial colon cancer, a history of other
malignancies, as well as patients who underwent surgical resection
other than R0 resection, were excluded from this study. Patients who
previously had colorectal cancer and those who had received prior
chemotherapy, immunotherapy or radiotherapy were also excluded.
All patients included in the study received chemotherapy within 6
weeks of surgery. The Institutional Review Board of Korea
University Ansan Hospital approved this study (AS16142-002).
Chemotherapy. All patients received 5-FU/leucovorin chemotherapy
as an adjuvant treatment. The regimen used in this study consisted
of an intravenous continuous infusion of 5-FU (425 mg/m2) plus
leucovorin (20 mg/m2), daily for 5 days, every 4 weeks, over 6
cycles, after surgical resection.
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Follow-up. During chemotherapy, patients underwent routine
follow-up examinations, including abdomen and pelvis computed
tomography (CT), chest CT, carcinoembryonic antigen (CEA)
measurement, routine blood analysis every 3 cycles and total
colonoscopy after completion of chemotherapy. For patients who
discontinued chemotherapy, routine follow-up examinations were
performed after the last chemotherapy treatment and every 6 months
after the operation for a total of a 2-year postoperative period, with
the exception of the CEA measurement that was performed every 3
months at least for a postoperative period of 5 years.

HDRA with an MTT end-point. HDRA was performed according to
the modified protocol of Hoffman et al. (4). Collagen gel sponges
were cut into 10-mm cubes and placed in the wells of a 24-well plate.
The sponges were then soaked with RPMI-1640 culture medium
containing 20% fetal bovine serum and 25× Fungizone (Gibco, Grand
Island, NY, USA). The fresh surgical specimens were washed 3 times
with RPMI-1640 medium and then cut into 24, 1-mm cubes. Next, a
tissue cube was placed on each of the gel sponges in each well. After
24-hour incubation, 5-FU was added to the plate and tested in the
culture medium at final concentrations of 3, 12, 6.25, 12.5, 25, 50 and
100 μg/ml. Wells that did not contain the chemotherapeutic agent
were used as a control. After culturing for another 6 days at 37˚C in
an atmosphere of 5% CO2, 5 mg of 3-(4,5-dimethylthiazol-2-yl)02,5diphenyl-2H tetrazolium bromide (MTT; Sigma-Aldrich, St. Louis,
MO, USA) was dissolved in 1 ml of phosphate-buffered saline
containing 100 nM sodium succinate and 100 μl of the resulting
solution was added to each well. After incubation for 3 hours at 37˚C,
the tissue cubes were transferred to new wells containing 1 ml of
dimethyl sulfoxide (DMSO) for extraction of the MTT-formazan
product. Then, 100 μl of the extract was transferred to each well of a
96-well plate and the absorbance of the wells was measured at 540
nm using a microplate reader. The wet weight of the tumor tissues
was measured after extraction with DMSO. The tumor growth
inhibition rate (IR) was calculated by the following equation: IR
(%)=(1 − mean absorbance/g of the drug-treated wells/mean
absorbance/g of the control wells) ×100. In this study, the tumor was
regarded as sensitive to the chemotherapeutic agent when the IR was
≥30% at 5-FU concentrations >50 μg/ml (5, 6).

Statistical analysis. Clinicopathological analysis and comparison of
toxicities were performed using the Student’s t-test and chi-square
test. Survival was analyzed using the Kaplan-Meier method with the
log-rank test. The Cox proportional hazards model was applied to
identify recurrence risk factors. All statistical analyses were
performed using SPSS, version 20 (IBM Corp., Armonk, NY, USA).

Results

Of the 89 patients enrolled in this study, 51 (57.3%) were
sensitive to 5-FU according to the chemosensitivity test
results. No significant differences between the 5-FU chemosensitive and 5-FU chemo-resistant groups were observed
with respect to sex, body mass index (BMI), tumor size,
tumor location, preoperative CEA levels, T-stage, N-stage,
tumor emboli and number of retrieved lymph nodes (Table I).
After a median follow-up of 64 months, there was a
statistically significant difference between the 5-year
disease-free survival rates of the chemo-sensitive and
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Table I. Clinicopathological characteristics of the 5-fluorouracil (5-FU)
chemo-sensitive and chemo-resistant groups.

Age (median±SD)
Gender, n (%)
Male
Female
BMI (>25)
ASA, n (%)
1
2
3
Tumor size (median±SD)
Location, n (%)
Colon
Rectum
Operation method, n (%)
Open
Laparoscopy
Preoperative CEA, n (%)
>5
<5
T stage, n (%)
1
2
3
4
N stage, n (%)
0
1
2
Tumor emboli, n (%)
Retrieved lymph nodes
(median±SD)

5-FU chemosensitive
(n=51)

5-FU chemoresistant
(n=38)

27 (52.9)
24 (47.1)
16 (31.4)

23 (60.5)
15 (39.5)
14 (36.8)

63.0±9.6

20 (39.2)
30 (58.8)
1 (2.0)
5.0±1.6

22 (43.1)
29 (56.9)

38 (74.5)
13 (25.5)

11 (21.6)
40 (78.4)

0
2 (3.9)
48 (94.1)
1 (2.0)

39 (76.5)
8 (15.7)
4 (7.8)
12 (23.5)

29.0±12.9

69.0±11.0

15 (39.5)
21 (55.3)
2 (5.3)
5.0±1.8

16 (42.1)
22 (57.9)

21 (55.3)
17 (44.7)

7 (18.9)
30 (81.1)

1 (2.6)
4 (10.5)
33 (86.8)
0

19 (50.0)
14 (36.8)
5 (13.2)
12 (31.6)

25.0±16.3

p-Value
0.125
0.476
0.589
0.686
0.147
0.922
0.072
0.761
0.305

0.062
0.397

0.543

SD, Standard deviation; BMI, body mass index; ASA, American Society
of Anesthesiologists; CEA, carcinoembryonic antigen.

chemo-resistant groups; 88.7% and 68.9%, respectively
(p=0.025). However, there was no significant difference in
the overall 5-year survival between the chemo-sensitive
and chemo-resistant groups (95.9% vs. 85.1%; p=0.233;
Figure 1).
A Cox proportional hazards model was applied to
identify risk factors for disease-free survival in the two
groups. Several factors were included in this model,
including node metastasis, tumor emboli, age, preoperative
CEA levels, BMI and 5-FU chemosensitivity. Significant
risk factors were 5-FU chemosensitivity and preoperative
CEA levels. After adjusting for these risk factors, only 5FU chemosensitivity remained significant in the hazards
model. The adjusted hazard ratio was 0.274 for 5-FU
chemosensitivity (95% confidence interval (CI)=0.0950.793; Table II).
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Figure 1. Kaplan–Meier survival analysis of the chemo-sensitive and chemo-resistant groups; there was a statistically significant difference for
disease-free survival, but not for overall survival.

Discussion

In this study, we found that patients in the chemo-resistant
group had a poorer disease-free survival rate than those in
the chemo-sensitive group. To the best of our knowledge,
this is the first study to compare survival differences in
colorectal cancer patients on the basis of chemosensitivity
status. Although Yoon et al. reported that clinical response
correlates with HDRA chemosensitivity results (5);
measurement of the clinical response in their report was
limited to patients with a recurrent cancer lesion or
metastatic lesion from radiologic studies, rather than survival
data. Nevertheless, they concluded that the chemosensitivity
test results were closely correlated with clinical response,
with correlation rates of 66.3% for the FOLFOX regimen
and 72.7% for the FOLFIRI regimen (5).
Several studies have identified a relationship between
chemosensitivity and disease prognosis in some
malignancies other than colorectal cancer. Jung et al.
reported in their study of epithelial ovarian cancer that
patients with lesions sensitive to taxane and carboplatin have
a better progression-free survival (7). Similarly, Fujita et al.
reported that for esophageal cancer patients who had
preoperative concurrent chemoradiotherapy or surgery,
chemo-sensitive patients had a better overall survival rate

Table II. Cox proportional hazards model for risk factors of recurrence.
Hazard
ratio

5-Fluorouracil chemosensitivity
Preoperative CEA

CEA, Carcinoembryonic antigen.

0.274
2.668

95% Confidence p-Value
interval
Lower
0.095
0.965

Upper
0.793
7.371

0.017
0.058

than those who were not chemo-sensitive, although this
result was not statistically significant because of the small
numbers involved (3). However, the American Society of
Clinical Oncology (ASCO) Technology Assessment:
Chemotherapy Sensitivity and Resistance Assays does not
recommend routine application of chemosensitivity test to
determine the chemotherapeutic agents for the patients with
any kind of malignancies except clinical trial settings (8).
Nevertheless, recently, two clinical trials for gastric cancer
patients showed that the chemosensitivity test could predict
the outcome of patients undergoing chemotherapy for
advanced gastric cancer and it deserved further evaluation in
the setting of prospective randomized trial (9, 10).
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Chemosensitivity to certain chemotherapeutic agents can
be evaluated by using tests, such as the MTT assay, HDRA
and collagen gel droplet-embedded culture drug-sensitivity
test (11-13). HDRA was first reported by Hoffman et al. and
is a three-dimensional culture system in which cell-to-cell
contact is maintained so that long-term culture is possible
under conditions resembling those in vivo (14). Importantly,
this culture method makes it possible to evaluate the
chemosensitivity of chemotherapeutic agents that are timedependent, such as 5-FU. In addition, modification of HDRA
can be performed to identify cell viability using the MTT
assay instead of autoradiography (4).
In our study, the overall survival of the chemo-sensitive
group was better than that of the chemo-resistant group,
although this did not reach statistical significance (p=0.233).
However, the number of patients included in this study was
small and consisted primarily of stage II colon cancer; thus,
the survival rate was already quite high (95.9% vs. 85.1%),
which may explain why there was no difference in the overall
survival rate. The standard adjuvant chemotherapeutic agents
for non-metastatic colorectal cancer with lymph node
involvement are oxaliplatin-based. Thus, we are currently
collecting survival data for chemosensitivity to oxaliplatin.
In conclusion, chemosensitivity testing using HDRA with
an MTT end-point can be used to predict prognosis in
patients with colorectal cancer treated with adjuvant 5-FU
chemotherapy. Prospective studies are needed to determine
if HDRA results are a useful prognostic factor.
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