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Abstract. Efficacy of the combination of oxaliplatin, 
5-fluorouracil and radiotherapy on rectal cancer in elderly 
patients was investigated. Seventy-three elderly patients with 
rectal cancer confirmed by histopathological examination 
were randomly divided into 3  groups: oxaliplatin group 
(25 cases): intravenous infusion of oxaliplatin; fluorouracil 
group (24  cases): intravenous infusion of f luorouracil; 
combination group (24  cases), intravenous infusion of 
oxaliplatin and fluorouracil. All patients were treated with 
radiotherapy, and efficacy and safety were evaluated after 
2  courses of treatment. MTT assay was used to observe 
the inhibitory effects of the proliferation of human rectal 
cancer cells. Cell proliferation and sensitization ratios 
were compared. After 2 courses of treatment, there was no 
difference in complete remission (CR), partial remission 
(PR), stable disease (SD), progression disease (PD) and 
disease control rate (DCR). Remission rate (RR) was higher 
in the combination group than that in the oxaliplatin and the 
fluorouracil groups (P<0.05), and there was no difference 
between the oxaliplatin and the fuorouracil group (P>0.05). 
Incidence of neutropenia in the combination group was higher 
than that in the fluorouracil group (P<0.05). OD values of the 
combination group were lower than those of the oxaliplatin 
and the fluorouracil groups (P<0.05). Proliferation ability 
of SW837 cells of the combination group was significantly 
lower than that of the oxaliplatin and the fluorouracil groups 
(P<0.05). Intragroup comparison of sensitization ratio 
showed that sensitization ratios of three groups of cells at 
24, 48 and 72 h were all higher than those at 12 h (P<0.05). 

The combination of oxaliplatin and 5-fluorouracil is safe and 
effective in the treatment of rectal cancer in elderly patients, 
and it can be used for sensitization of radiotherapy. So it 
should be popularized in clinical practices.

Introduction

Rectal cancer is the most common type of malignant tumor 
in digestive tract and one of the leading causes of death in 
humans. It mainly occurs in people over 45 years, and the inci-
dence is higher in men than in women (1,2). With the changes 
in people's diet structure and the lack of physical exercise, 
incidence of rectal cancer has increased year by year, and 
1,000,000 new cases were reported each year (3,4). With the 
growth of aging population, proportion of elderly patients with 
rectal cancer is gradually increased, but treatment of elderly 
patients with rectal cancer has not been well studied  (5). 
Approximately 81% of rectal cancer occurs near the anal 
sphincter. Surgical resection is the only radical treatment for 
malignant tumors, while surgical treatment of rectal cancer is 
challenged by the retention of anus and anus function. Surgical 
treatment is also a very dangerous treatment for elderly rectal 
cancer patients (6,7).

Radiotherapy is one of the basic treatment methods for 
patients with malignant tumors. However, toxic effects of 
long-term radiotherapy are unbearable. Efficacy of radio-
therapy will also decrease over time, so finding a mild and 
effective drug is critical (8,9). Oxaliplatin and fluorouracil 
are two widely used drugs in tumor treatment. There are also 
studies on the use of oxaliplatin and fluorouracil for the treat-
ment of rectal cancer, but the efficacy and adverse reactions 
of the two drugs used for the treatment of rectal cancer are 
unclear. In addition, study of oxaliplatin combined with fluo-
rouracil on treatment outcomes of conventional radiotherapy 
in the treatment of rectal cancer is rare (10,11).

Therefore, this study investigated the therapeutic efficacy 
and safety of oxaliplatin and fluorouracil combined with 
radiotherapy in treatment of rectal cancer. In addition, sensi-
tization effects of oxaliplatin and fluorouracil on radiotherapy 
were also explored to investigate the application values of 
oxaliplatin and fluorouracil in treatment of patients with rectal 
cancer.
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Materials and methods

Research subjects. From March 2014 to March 2015, 73 patients 
with rectal cancer confirmed by histopathological examina-
tions were selected in Laigang Hospital Affiliated to Taishan 
Medical University (Laiwu, China). All 73 patients were older 
than 60 years and had a mean age of 68.43±7.75 years. Among 
them, 40 were males and 33 were females. All patients were 
diagnosed as rectal cancer by histopathological examination. 
All patients received radiotherapy and chemotherapy for the 
first time. None had been treated with oxaliplatin and fluoro-
uracil in the past or was allergic to these drugs. Patients had 
no liver, kidney and other organ dysfunction. Patients had no 
abnormal bleeding or coagulation abnormalities. Patients who 
had been treated, patients with large tumors, patients with 
other diseases of lung or chest wall, and patients with lymph 
node metastasis were excluded. This study was approved by 
the medical Ethics Committee of Laigang Hospital Affiliated 
to Taishan Medical University. Patients or their families signed 
an informed consent.

Human rectal cancer cell line SW837 (cat. no. C1258) 
was purchased from Shanghai Guandao Bioengineering Co., 
Ltd. (Shanghai, China) and cultured in RPMI-1640 medium 
(Shanghai Gaochuang Chemical Technology Co., Ltd., 
Shanghai, China) in an incubator (37˚C, pH 6.8-7.4, 5% CO2).

Methods. Patients were randomly divided into 3 groups: 
oxaliplatin group (25 cases): intravenous infusion of oxali-
platin (100  mg/m2; Hubei Yuancheng Saichuang Science 
and Technology Co., Ltd., Wuhan, China; state approval 
no. H20020648) on the first day; fluorouracil group (24 cases): 
intravenous infusion of fluorouracil (375 mg/m2, state approval 
no.  H20030345) from day  1 to day  5; combination group 
(24 cases), intravenous infusion of oxaliplatin (100 mg/m2) on 
the first day and intravenous infusion of fluorouracil (375 mg/m2) 
from day 1 to day 5. All patients were treated with radiotherapy 
at the same time, radiation dose was 45.0-50.4 Gy and 21 days 
was 1 course of treatment, and efficacy and safety were evalu-
ated after 2 courses of treatment. Treatment was performed 
until disease progression or until toxicity could not be tolerated 
by patients (no more than 6 courses of treatment).

Efficacy evaluation criteria (12): Efficacy was evaluated the 
first time after 2 courses of diseases. Patients were divided into 
complete remission (CR), partial remission (PR), stable disease 
(SD), and progression disease (PD) groups according to condi-
tions of solid tumors. Remission rate (RR) = (CR+PR)/number 
of patients; disease control rate (DCR) = (CR+PR+SD)/number 
of patients.

SW837 cells were cultured in RPMI-1640 medium 
containing oxaliplatin (5  mg/l), fluorouracil (18 mg/l), or 
oxaliplatin (5 mg/l) and fluorouracil (18 mg/l) for 6 h. Then 
radiotherapy was performed with a dose of 6 Gy. MTT assay 
was used to observe the inhibitory effects of oxaliplatin, 
fluorouracil, and oxaliplatin combined with fluorouracil on 
proliferation of SW837 cells at 12, 24, 48 and 72  h after 
radiotherapy. Cell proliferation and sensitization ratio were 
compared. Each experiment was performed 3 times.

MTT assay to detect in vitro proliferation of SW837. SW837 
was used to prepare single cell suspension. Cells were routinely 

cultured in a 96-well cell culture plate. Part of the cultured 
cells was taken at 6 h and 20 µl of MTT (5 mg/ml) was added, 
followed by incubation at 37˚C for 4 h. Supernatant containing 
the impurities was exhausted, and dimethyl sulfoxide formula-
tion was added and shaken on a horizontal shaker for 15 min. 
Finally, the absorbance at 570 nm was measured by using an 
enzyme-linked immunosorbent assay. The above steps were 
repeated at 12, 24, 48 and 72 h, respectively. MTT test kit 
was purchased from Shanghai LM Bioengineering Co., Ltd. 
(Shanghai, China).

Statistical analysis. SPSS 19.0 (Asia Analytics Formerly 
SPSS, Beijing, China) was used. Enumeration data were 
expressed as a rate and compared by χ2 test. Measurement data 
was expressed as mean ± standard deviation, and ANOVA was 
used for comparison among groups, and repeated measures 
ANOVA was used for intra-group comparisons, and LSD tests 
were used for comparison between two groups, as post hoc 
tests. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

General information. Seventy-three patients with rectal 
cancer had a mean age of 68.43±7.75  years. Oxaliplatin 
group included 16 male and 9 female patients, with a mean 
age of 67.59±7.88 years. Fluorouracil group included 15 male 
and 9 female patients, with a mean age of 69.13±7.24 years. 
Combination group included 16 males and 8 females, with 
a mean age of 68.57±8.13 years. There was no difference in 
the basic data such as the average age, sex, and clinical stages 
among the three groups (P>0.05) (Table I).

Analysis of treatment effects after two courses of treatment. 
After two courses of treatment, ANOVA analysis showed 
no significant differences in DCR, CR, PR, SD and PD 
among the three groups (P>0.05), and there was statistical 
difference in RR (P<0.05). LSD test results showed that RR 
was higher in the combination group than in the oxaliplatin 
and the fluorouracil groups (P<0.05), and there was no 
difference between the oxaliplatin and the fluororacil groups 
(P>0.05) (Table II).

Incidence of adverse reactions after 2 courses of treatment. 
ANOVA analysis showed that there were statistically signifi-
cant differences in incidence of neutropenia among three 
groups (P<0.05), while there were no differences in incidence 
of other adverse reactions (P>0.05). LSD test showed that inci-
dence of neutropenia was higher in the combination group than 
that in the oxaliplatin and the fluorouracil groups (P<0.05). 
Incidence of other adverse reactions in the combination group 
was not significantly different from those in the oxaliplatin 
and the fluorouracil groups (P>0.05) (Table Ⅲ).

Radiosensitization of SW837 cells by oxaliplatin and fluoro-
uracil. In vitro proliferation assay of SW837 by MTT assay 
showed that OD values ​​of three groups of cells decreased 
with time. No significant difference was found in OD values​
between oxaliplatin and fluorouracil groups at 6, 12, 24, 
48 and 72 h (P>0.05). However, OD values at 6, 12, 24, 48 
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and 72 h points in the combination group were lower than 
those in the oxaliplatin and the fluorouracil groups (P<0.05). 

Proliferation ability of SW837 cells in the combination 
group was significantly lower than that in the oxaliplatin and 

Table I. General information.

Variables	 Oxaliplatin group	 Fluorouracil group	 Combination group	 χ2/F	 P-value

No. of cases	 25	 24	 24
Sex (n, %)				    0.013	 0.987
  Male	 16 (64.0)	 15 (62.5)	 16 (66.67)
  Female	   9 (36.0)	   9 (37.5)	 8 (33.3)
Age (years)	 67.59±7.88	 69.13±7.24	 68.57±8.13	 0.248	 0.781
Ethnicity (n, %)				    0.073	 0.931
  Chinese	 21 (84.0)	 20 (83.3)	 21 (87.5)
  Minority	   4 (16.0)	   4 (16.7)	   3 (12.5)
Clinical stage (n, %)				    0.027	 0.974
  T1+T2	 16 (64.0)	 14 (58.3)	 15 (62.5)
  T3+T4	   9 (36.0)	 10 (41.7)	   9 (37.5)
Place of residence (n, %)				    0.006	 0.994
  Urban	 12 (48.0)	 12 (50.0)	 11 (45.8)
  Rural region	 13 (52.0)	 12 (50.0)	 13 (54.2)
Degree of differentiation (n, %)				    0.058	 0.945
  Highly differentiated	 19 (76.0)	 17 (70.8)	 18 (75.0)
  Medium-low differentiation	   6 (24.0)	   7 (29.2)	   6 (25.0)

Table II. Analysis of treatment effects after two courses of treatment (n, %).

Variables	 Oxaliplatin group	 Fluorouracil group	 Combination group	 χ2	 P-value

No. of cases	 25	 24	 24
RR	 7 (28.0)	 6 (25.0)	 15 (62.5)a	 6.437	 0.013
DCR	 16 (64.0)	 16 (66.7)	 21 (87.5)	 3.431	 0.068
CR	 0 (0.0)	 1 (4.2)	 2 (8.3)	 2.163	 0.146
PR	 7 (28.0)	 5 (20.8)	 13 (54.2)	 3.733	 0.057
SD	 9 (36.0)	 10 (41.7)	 6 (25.0)	 0.814	 0.370
PD	 9 (36.0)	 8 (33.3)	 4 (16.7)	 2.219	 0.141

aP<0.05, compared with the oxaliplatin and the fluorouracil groups. RR, remission rate; DCR, disease control rate; CR, complete remission; 
PR, partial remission; SD, stable disease; PD, progression disease.

Table Ⅲ. Incidence of adverse reactions after 2 courses of treatment (n, %).

Variables	 Oxaliplatin group	 Fluorouracil group	 Combination group	 χ2	 P-value

No. of cases	 25	 24	 24
Vomiting	 3 (12.0)	 15 (62.5)	 4 (16.67)	 0.160	 0.690
Diarrhea	 4 (16.0)	 11 (45.8)	 6 (25.0)	 0.511	 0.477
Neutropenia	 7 (28.0)	 6 (25.0)	 15 (62.5)a	 6.437	 0.013
Anemia	 6 (24.0)	 7 (29.2)	 12 (50.0)	 3.733	 0.057
Thrombocytopenia	 8 (32.0)	 8 (33.3)	 9 (37.5)	 0.159	 0.691
Transaminase elevating	 11 (44.0)	 10 (41.7)	 12 (50.0)	 0.169	 0.682

aP<0.05, compared with the oxaliplatin and the fluorouracil groups.
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fluorouracil groups (P<0.05). ANOVA analysis showed that 
sensitization was not significantly different among the three 
groups of cells at 12 h (P>0.05), while significant differences 
were found at 24, 48 and 72 h (P<0.05). LSD test analysis 
showed that sensitization ratio of the combination group was 
higher than that of the oxaliplatin and the fluorouracil groups 
at 24, 48 and 72 h (P<0.05), while there was no significant 
difference in sensitization ratio between the oxaliplatin and the 
fluorouracil groups. Intragroup sensitization ratio comparison 
results showed that sensitization ratios of the three groups 
of cells at 24, 48 and 72 h were higher than those at 12 h 
(P<0.05). There was no significant difference in sensitization 
ratios among three groups of cells at 24 and 48 h (P>0.05), 
and sensitization ratio at 72 h in the combination group was 
higher than that at 24 and 48 h (P<0.05). Sensitization ratios 
of the oxaliplatin and the fluorouracil groups at 72 h were 
not significantly different from those at 24 and 48 h (P>0.05; 
Fig. 1; Table IV).

Discussion

Progression of rectal cancer in elderly is complicated and 
course of disease is long. Most patients are diagnosed in 
middle and advanced stages. Health conditions in elderly are 
poor and complications may easily happen. Old patients have 
low tolerance to chemoradiation. Many elderly patients with 
rectal cancer are also worried about the adverse reactions 
caused by chemoradiation (13,14). Therefore, it is critical for 
elderly patients to choose safe and effective drugs.

In this study, no significant differences in DCR, CR, PR, 
SD and PD were found between the oxaliplatin and fluorouracil 
groups. RR was higher in the combination group than those 
in the oxaliplatin and fluorouracil groups. Rödel et al  (15) 
showed that oxaliplatin combined with fluorouracil for 
adjuvant treatment of regional rectal cancer can effectively 
improve the patient's clinical staging. André et al (16) also 
stated that combination of oxaliplatin and 5-fluorouracil for 
treatment of colon cancer patients can effectively improve the 
survival rate of patients. Similar findings were found in this 
study, indicating that efficacy of oxaliplatin in combination 
with fluorouracil for the treatment of rectal cancer is prom-
ising. However, due to time constraints, we failed to obtain 
information on the survival rate of patients. We will further 
analyze and report on survival in future studies. Although the 
use of oxaliplatin in combination with fluorouracil increased 
the efficacy of rectal cancer treatment, it also increased the 
incidence of some adverse reactions. For example, incidence 
of neutropenia in patients receiving oxaliplatin and fluoro-
uracil was higher than that of patients received oxaliplatin and 
fluorouracil alone, and incidence of anemia in patients treated 
with combination therapy also increased. Hong et al (17) also 
found that the incidence of neutropenia in patients with rectal 
cancer treated with oxaliplatin combined with fluorouracil 
increased. Similar findings were found in our study. However, 
incidence of vomiting and diarrhea showed decline trend in 
patients treated with combination therapy, compared with the 
fluorouracil group. Therefore, we speculate that oxaliplatin 
may improve the digestive system of patients and balance 
the adverse effects of fluorouracil on the digestive system. 
However, both oxaliplatin and fluorouracil have myelosup-
pressive effects (18,19), which may increase the incidence of 
neutropenia and anemia. Therefore, the safety still needs to 
be explored. This may be related to the small sample size, and 
we will conduct a further analysis with a large sample size to 
further confirm our findings.

In this study, human rectal cancer cell line SW837 was 
used to investigate the radiosensitization of oxaliplatin and 
fluorouracil. Results of this study found that oxaliplatin and 
fluorouracil have a certain radiosensitization effects on SW837 
cells during radiotherapy, and combination of the two drugs 
showed stronger radiosensitization effects. After treatment 
with radiotherapy for 72 h, sensitization effect of combination 
group was twice higher than that of oxaliplatin and fluorouracil 
groups. Study of oxaliplatin combined with fluorouracil for 
radiosensitization is rare. Lee et al (20) reported that oxaliplatin 
can enhance the sensitivity of rectal cancer to radiotherapy. 
Tang et al (21) also reported that fluorouracil can increase the 
radiosensitivity of human colorectal cancer. Oxaliplatin (22) 
is a platinum-based drug that antagonizes DNA replication 

Table IV. Radiosensitization of SW837 cells by oxaliplatin and 
fluorouracil.

Time	 Oxaliplatin	 Fluorouracil	 Combination
period	 group	 group	 group	 F	 P-value

12 h	 0.84±0.12	 0.73±0.11	 0.89±0.13	 1.389	 0.319
24 h	 1.58±0.24	 1.42±0.23	 2.01±0.41a	 6.440	 0.032
48 h	 1.65±0.23	 1.46±0.25	 2.31±0.45a	 3.698	 0.042
72 h	 1.83±0.35	 1.80±0.33	 3.44±0.56a	 14.54	 0.005

aP<0.05, compared with the oxaliplatin and the fluorouracil groups.

Figure 1. Proliferation of SW837 cells in oxaliplatin, fluorouracil and combi-
nation groups. In vitro proliferation assay of SW837 by MTT assay showed 
that OD values of three groups of cells decreased with time. No significant 
difference was found in OD values between oxaliplatin and fluorouracil 
groups at 6, 12, 24, 48 and 72 h (P>0.05). However, OD values at 6, 12, 24, 48 
and 72 h points in the combination group were lower than those in the oxali-
platin and the fluorouracil groups (P<0.05). Proliferation ability of SW837 
cells in combination group was significantly lower than that in the oxaliplatin 
and fluorouracil groups (P<0.05). aP<0.05, compared with the oxaliplatin and 
fluorouracil groups.
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and transcription. Fluorouracil (23) exerts an antitumor effect 
by blocking the conversion of deoxyribose uric acid and 
interfering with the synthesis of DNA. Mechanism of action 
of the two drugs is different, so theoretically they can be used 
in combination to exert synergistic effects to increase the 
radiosensitivity of tumor cells. However, clinical studies are 
needed to verify the findings.

In conclusion, combination of oxaliplatin and fluoro-
uracil is safe and effective for the treatment of rectal cancer 
in elderly. Combination of oxaliplatin and fluorouracil can 
increase sensitivity of cancer cells to radiotherapy. So it should 
be popularized in clinical practices.
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