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INTRODUCTION 

According to data from the Korean Statistical Information Ser-
vice, the incidence of colorectal cancer in Korea is increasing 
(1999: 20.6/100,000 people; 2020: 54.3/100,000 people); more-
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Abstract 
Background: Among the complementary and alternative therapies used to treat cancer, studies have reported since the late 1960s 
that the intravenous administration of high-dose vitamin C had an anticancer effect. As the incidence of colorectal cancer has re-
cently increased, interest in treating and preventing its recurrence has also increased. Therefore, this study investigated whether the 
intravenous administration of high-dose vitamin C to patients with colorectal cancer who received chemotherapy after radical resec-
tion would reduce recurrence rates. 
Methods: One hundred eighty patients who were diagnosed with colorectal cancer and received chemotherapy after surgery at a 
university hospital in Busan for a total of 23 years from January 2000 to March 2023 were retrospectively studied. Of them, 30 were 
administered high-dose (1 g/kg) intravenous vitamin C injections twice weekly for more than 5 weeks in addition to standard treat-
ments, while the remaining 150 patients who received only standard treatments were assigned to the control group. In both groups, 
a thorough examination was performed every year after surgery. The chi-squared test was performed to compare 5-year recurrence 
rates. 
Results: The control group had higher recurrence and mortality rates than the experimental group; however, the differences were not 
statistically significant. The recurrence rate was 28.1% in the stage 2 and 3 control groups, non-significantly higher than that in the 
experimental group (18.8%; P>0.05). 
Conclusions: There was no statistically significant difference in recurrence among patients with colorectal cancer who received che-
motherapy, although the 5-year recurrence rate was decreased in the experimental versus control group. 
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over, in 2020, it was the most common cancer after thyroid and 
lung cancers. In 2020, 247,952 cases of cancer were diagnosed in 
Korea, of which colorectal cancer ranked third at 11.24% (27,877 
cases), and the crude incidence rate per 100,000 people (the 
number of new cases in the target population during the ob-
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servation period) was 54.3 [1]. Additionally, the mortality rate 
from colorectal cancer in 2022 was behind only lung cancer and 
liver cancer, accounting for 10.3% of the total cancer mortality 
rate [2]. 

High concentrations of vitamin C, which is present in fresh 
vegetables and fruits, were first reported by Benade et al. [3] 
in 1969 as having anticancer effects. Cameron and Pauling [4] 
found that, in patients in the final stages of various cancers who 
were administered intravenous vitamin C, survival was more 
than four times longer than that in patients not administered 
vitamin C. According to Riordan et al. [5], vitamin C was devel-
oped in the 1970s as an intravenous injection therapy and has 
shown therapeutic results as an adjuvant therapy in many clini-
cal trials since. Riordan et al. [5] reported case studies showing 
that intravenous vitamin C administration reduces recurrence 
rates among patients with renal cell cancer, pancreatic cancer, 
non-Hodgkin’s lymphoma, and terminal breast cancer. 

Chen et al. [6] recently revealed that vitamin C induces 
apoptosis, inhibits proliferation, and arrests the cell cycle in col-
orectal cancer and that high-dose vitamin C inhibits colorectal 
cancer cell growth, angiogenesis, and metastasis in xenograft 
mice and intraperitoneal metastasis models. In addition, Yun et 
al. [7] confirmed that colorectal cancer cells with mutations in 
KRAS or BRAF selectively die in the presence of high vitamin C 
concentrations. 

A recent randomized open-label multicenter phase 3 study in 
China compared a trial group treated with Folfox at the same 
time as a high-dose vitamin for metastatic colorectal cancer 
with a comparison group treated with Folfox alone. In this 
study, progression-free survival, objective response rate, and 
overall survival all failed to improve. However, the research 
team is planning a future clinical study to evaluate the effects 
of vitamin C and bevacizumab chemotherapy [8]. Based on 
the research results presented above, this study retrospectively 
investigated the ability of high-dose vitamin C administration 
to reduce recurrence and mortality as an adjuvant therapy for 
chemotherapy in patients with colorectal cancer undergoing 
radical resection and chemotherapy. 

METHODS 

Subjects 
This study was approved by the Clinical Trials and Medical Re-
search Ethics Review Committee of the Gospel Hospital of Ko-
sin University (institutional review board approval no. KUGH-

2023-06-008). 
The study involved 180 patients who were first diagnosed 

with colorectal cancer at Kosin University Gospel Hospital in 
Busan for a total of 23 years from January 2000 to March 2023 
and able to be followed up for 5 years. This study included 
patients who received or did not receive high-dose vitamin C 
therapy. Patients who were diagnosed with cancer at other sites 
were excluded because of their past history. 

Of the 180 colorectal cancer patients who received chemo-
therapy after diagnosis of colorectal cancer, 30 in the experi-
mental group received vitamin C twice a week by intravenous 
injection (1 g/kg) for more than 5 weeks, and five times the ex-
perimental group was extracted as a group that did not receive 
any other treatment after the completion of chemotherapy In 
addition, 5:1 mating was performed based on the year of sur-
gery, age, and sex, and the propensity score matching method 
was used for randomization. The subjects extracted through 
matching were 30 subjects in the experimental group and 150 
subjects in the control group. 

The patients’ medical records and pathology numbers were 
stored as separate files under the responsibility of the research 
manager, and they were coded and managed to prevent person-
al identification through research data. 

Research-related records will be maintained for 3 years from 
the end of the study, and personal information among docu-
ments passed by the storage agency will be destroyed in accor-
dance with the Personal Information Protection Act.  

Procedures  
This retrospective study was conducted by examining subjects’ 
medical records for 23 years, from January 2000 to March 2023. 
Colorectal cancer was defined as cancer caused by primary can-
cer in the colon and rectum, and there were cases where it was 
found while examining the large intestine due to health prob-
lems such as changes in bowel habits or bloody excrements, and 
were cases where it was found as a regular medical examination. 
Among cancers that occurred in the large intestine, cases of me-
tastasis from other organs were excluded. 

The 30 patients in the vitamin C intravenous injection exper-
imental group received an explanation of the effects and side 
effects of vitamin C through counseling and signed a treatment 
consent form while receiving chemotherapy after surgery. 
When administered intravenous vitamin C, the vitamin C 
injection was mixed with 500 mL of physiological saline and 
administered within 60–80 minutes. The vitamin C used in this 
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study was an injection solution (L-ascorbic acid) produced by 
UNIMED. 

Among the patients receiving vitamin C, there was one case 
of ovarian metastasis and one case of liver metastasis, so the 
experimental group was 30. The control group included 150 
participants from the previous list by 5:1 matching according to 
the year of surgery, age, and sex of the experimental group. The 
subjects’ age, sex, height, weight, and medical history (diabetes, 
high blood pressure, etc.) were retrospectively reviewed through 
physical examination medical records, and the primary lesion, 
stage, postoperative chemotherapy or radiotherapy, recurrence, 
and death were recorded. 

Each patient’s past history was collected from their medical 
records, and the location of the primary cancer was extracted 
from the surgical record; otherwise, the name of the disease and 
operation were obtained from ref. Surgical and postoperative 
internal medicine records were referenced to determine the 
TNM stage of the colorectal cancer. Chemotherapy was classi-
fied based on first-line therapy and medical records recorded in 
the relevant department were referenced; if not, past prescrip-
tion records were referenced. 

Recurrence was observed at any time after surgery when it 
was confirmed radiologically and histologically as a metasta-
sis of colorectal cancer (adenocarcinoma). In addition, deaths 
included all deaths, such as double cancer or death of old age, 
as well as the metastasis of colorectal cancer in the medical re-
cords. 

Finally, the cancer recurrence and mortality rates of the vita-
min C administration and control groups were compared, and 
cancer recurrence and death occurred within 5 years. 

Data analysis 
To investigate the association between recurrence rate, death, 
and intravenous vitamin C administration after cancer treat-
ment, continuous variables are expressed as mean and standard 
deviation, while categorical variables are expressed as frequency 
and percentage. To detect differences between treatments, the 
t-test was used for continuous variables, the chi-square test 
was performed for categorical variables, and the Kaplan-Meier 
curve was used to confirm the recurrence and mortality rates 
according to the follow-up period after surgery. Recurrence and 
mortality rates were compared according to stage. In the data 
collection process, the control and experimental group setting 
comparison was performed by propensity score matching using 
the logistic regression method. SAS 9.4 (SAS Institute) was used 
for the analysis. 

The data analysis was performed using SPSS software (version 
20.0; IBM Corp.). Statistical significance was determined at val-
ues of P<0.05.  

RESULTS  

Subjects’ clinical characteristics 
The total number of study subjects was 180; their general char-
acteristics (age, height, weight, body mass index, etc.) are shown 
in Table 1. Clinical characteristics such as primary tumor and 
TNM stage are shown in Table 2. The analysis (Table 1) aimed 
to verify whether the general characteristics of the experimen-
tal and control groups were homogeneous, focusing on age, 
sex, body mass index, and past history. The analysis found no 
statistically significant intergroup difference (P>0.05), and the 

Table 1. General characteristics of study subjects 
Variable Total (N=180) High-dose vitamin C treatment group (n=30) Control group (n=150) P-value
Age (yr) 70.30±8.70 70.95±8.07 70.84±8.15 0.690
Sex
  Male 48 (26.7) 8 (26.7) 40 (26.7) >0.99
  Female 132 (73.3) 22 (73.3) 110 (73.3)
Body mass index (kg/m2) 23.23±2.82 23.46±3.28 23.42±3.20 0.720
Past history
  Diabetes mellitus 45 (25.0) 10 (33.3) 35 (23.3) 0.248
  Hypertension 64 (35.6) 12 (40.0) 52 (34.7) 0.577
  Double cancer 16 (8.9) 5 (16.7) 11 (7.3) 0.101
  CAD 14 (7.8) 3 (10.0) 11 (7.3) 0.619
  CVD 7 (3.9) 1 (3.3) 6 (4.0) 0.863
  Hepatitis 13 (7.2) 2 (6.7) 11 (7.3) 0.898
Follow-up duration (yr) 3.35±1.79 3.46±1.98 3.33±1.76 0.717

This was a case-control comparison. Values are presented as mean±standard deviation or number (%).
CAD, coronary artery disease; CVD, cerebrovascular disease.
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Table 2. Clinical characteristics of included tumors 
Variable Total (N=180) High dose vitamin C treatment group (n=30) Control group (n=150) P-value
Primary tumor
  Cecum 7 (3.9) 2 (6.7) 5 (3.3) 0.615
  Ascending colon 51 (28.3) 7 (23.3) 44 (29.3)
  Transverse colon 6 (3.3) 0 (0.0) 6 (4.0)
  Descending colon 12 (6.7) 3 (10.0) 9 (6.0)
  Sigmoid colon 43 (23.9) 9 (30.0) 34 (22.7)
  Rectum 61 (33.9) 9 (30.0) 52 (34.7)
Metastatic site
  Lung 20 (11.1) 5 (16.7) 15 (10.0)
  Liver 16 (8.9) 4 (13.3) 12 (8.0)
  Peritoneum 8 (4.4) 2 (6.7) 6 (4.0)
  Pancreas 1 (0.6) 0 (0.0) 1 (0.7)
  Ovary+uterus 2 (1.1) 0 (0.0) 2 (1.3)
  Pelvic cavity 1 (0.6) 0 (0.0) 1 (0.7)
  Kidney 2 (1.1) 0 (0.0) 2 (1.3)
  Stomach 1 (0.6) 0 (0.0) 1 (0.7)
  Small intestine 2 (1.1) 0 (0.0) 2 (1.3)
  Bladder 1 (0.6) 0 (0.0) 1 (0.7)
  Brain 2 (1.1) 0 (0.0) 2 (1.3)
  Colorectum 2 (1.1) 0 (0.0) 2 (1.3)
TNM
  - T 0.170
    1 18 (10.0) 1 (3.3) 17 (11.3)
    2 20 (11.1) 1 (3.3) 19 (12.7)
    3 91 (50.6) 15 (50.0) 76 (50.7)
    4 48 (26.7) 11 (36.7) 37 (24.7)
  - N 0.051
    0 80 (44.4) 7 (23.3) 73 (48.7)
    1 52 (28.9) 10 (33.3) 42 (28.0)
    2 45 (25.0) 11 (36.7) 34 (22.7)
  - M 0.003
    0 144 (80.0) 18 (60.0) 126 (84.0)
    1 36 (20.0) 12 (40.0) 24 (16.0)
  - Stage 0.014
    1 32 (17.8) 2 (6.7) 30 (20.0)
    2 44 (24.4) 5 (16.7) 39 (26.0)
    3 68 (37.8) 11 (36.7) 57 (38.0)
    4 36 (20.0) 12 (40.0) 24 (16.0)

This was a case-control comparison. Values are presented as number (%).

experimental and control group were homogeneous in terms 
of general characteristics. The mean follow-up period for both 
groups was 3.35±1.79 years for all subjects, 3.46±1.98 years for 
the experimental group, and 3.33±1.76 years for the control 
group. 

Table 2 shows the differences in primary cancer, TNM, and 
stage among the subjects; in terms of recurrence, the lung com-
prised 20 cases, while the liver comprised 16 cases. The experi-
mental group included five cases of lung cancer and four of liver 
cancer, while the control group included 15 cases of lung cancer 

and 12 of liver cancer. In terms of TNM, the ratio of M1 was 
high at 40.0% (vs. control [16.0%]) in the experimental group 
(P<0.05), whereas in terms of stage, the ratio of the fourth stage 
was higher in the experimental group (40.0%) than in the con-
trol group (16.0%; P<0.05). Therefore, the statistical analysis 
was conducted by stage. 

The statistical analysis revealed that primary cancer location 
and history were not important variables. 
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Table 3. Recurrence rate according to stage overall and by study group 
Recurrence Stage 1 (n=32) Stage 2 (n=44) Stage 3 (n=68) Stage 4 (n=36) P-value
Total rate (%) 3 (9.4) 9 (20.5) 21 (30.9) 25 (69.4) <0.001
  Experimental group 1/2 (50.0) 1/5 (20.0) 2/11 (18.2) 7/12 (58.3) 0.196
  Control group 2/30 (6.7) 8/39 (20.5) 19/57 (33.3) 18/24 (75.0) <0.001
  P-value 0.181 >0.99 0.482 0.446
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Fig. 1. Kaplan-Meier curve for recurrence by stage.

Correlation between vitamin C administration and re-
currence rate 
Table 3 and Fig. 1 show the differences in recurrence rates ac-
cording to stage; there was a statistically significant difference 
in recurrence rates according to stage (P<0.05). In particular, 
the recurrence rate increased as the stage progressed from 1 to 4, 
and stage 4 had the highest recurrence rate (69.4%). According 
to stage, no statistically significant difference in recurrence rate 
was found in the experimental group (P=0.196) versus a sig-
nificant difference in recurrence rates according to stage in the 
control group (P<0.001). In addition, no statistically significant 
difference was found in recurrence rates between the experi-
mental and control groups for any stage (P>0.05); in stage 1, the 
experimental group had a high recurrence rate, but in stages 3 
and 4, the control group showed a higher recurrence rate than 
the experimental group. 

As shown in Table 4, in stages 2 and 3, the recurrence rate was 
higher in the control group (28.1%) than in the experimental 
group (18.8%), but the difference was not statistically significant 
(P=0.552). As shown in Fig. 2, the recurrence rate in the control 
group increased over time. 

Correlation between vitamin C administration and 
mortality 
Table 5 and Fig. 3 show that there was a statistically significant 
difference in mortality rates according to stage (P<0.05). In 
particular, the mortality rate increased as the stage progressed 
from 1 to 4 and was highest for stage 4 (66.7%). No statistically 
significant difference in mortality according to stage was not-
ed in the experimental group (P=0.196) versus a significant 
difference in mortality according to stage in the control group 
(P<0.001). No statistically significant difference was found in 
mortality between groups in stage 1 (P>0.05), whereas the con-
trol group had a higher mortality rate than the experimental 
group in stages 3 and 4. 

As shown in Table 6, in stages 2 and 3, the mortality rate did 
not differ between the control (19.8%) and experimental (18.8%) 
groups (P>0.99). Moreover, no differences in mortality rate 

Table 4. Recurrence rate according to treatment in stages 2 and 3 

Recurrence
Stages 2+3

Control group (n=96) Experimental group (n=16)
No 69 (71.9) 13 (81.3)
Yes 27 (28.1) 3 (18.8)
P-value 0.552
Values are presented as number (%).
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Fig. 2. Kaplan-Meier curve for recurrence by treatment in stage 
2 and 3.
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Table 5. All-cause mortality rates according to stage 
All-cause mortality Stage 1 (n=32) Stage 2 (n=44) Stage 3 (n=68) Stage 4 (n=36) P-value
Total rate (%) 3 (9.4) 8 (18.2) 14 (20.6) 24 (66.7) <0.001
  Experimental group 1/2 (50.0) 1/5 (20.0) 2/11 (18.2) 7/12 (58.3) 0.196
  Control group 2/30 (6.7) 7/39 (17.9) 12/57 (21.1) 17/24 (70.8) <0.001
  P-value 0.181 >0.99 >0.99 0.479
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Fig. 3. Kaplan-Meier curve for all-cause death by stage.

Table 6. All-cause mortality according to treatment in stages 2 and 3 

All-cause mortality
Stages 2+3

Control group (n=96) Experimental group (n=16)
No 77 (80.2) 13 (81.3)
Yes 19 (19.8) 3 (18.8)
P-value >0.99 -

Values are presented as number (%).

were observed between the experimental and control groups 
over time (Fig. 4).  

DISCUSSION 

Vitamin C suppresses cancer recurrence and destroys cancer 
cells, thereby increasing the survival rates of patients with can-
cer. In this study, the high-dose vitamin C group showed lower 
recurrence and mortality rates than the control group for col-
orectal cancer, but the difference was not statistically significant. 

This retrospective study demonstrated that high-dose vitamin 
C monotherapy did not affect colorectal cancer recurrence or 
mortality rates. The advantage of this study is that, unlike pre-
vious studies, it included early colorectal cancer cases owing to 
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Fig. 4. Kaplan-Meier curve for all-cause death by treatment in 
stage 2 and 3.

early checkups, such as colonoscopy, which has increased since 
the 2010s. However, there were fewer cases of early colorectal 
cancer in the vitamin C administration group; therefore, the 
difference was not significant. 

The five major vulnerabilities of cancer cells attacked by vi-
tamin C include the redox impulse, epigenetic reprogramming, 
oxygen-sensing regulation, host immunity, and collagen synthe-
sis with regard to metastasis [9]. Redox imbalance refers to vita-
min C acting as an antioxidant in normal cells and a prooxidant 
in cancer cells, while epigenetic reprogramming refers to the 
reprogramming of cancer cells that changes protein translation, 
such as RNA transcription, unlike changes in DNA sequencing. 
In oxygen-sensing regulation, cancer cells inevitably become 
hypoxic, and among the various methods for adapting to can-
cer cells, there is an element that is attacked by vitamin C. Host 
immunity refers to several cells related to cancer cell immunity 
(natural killer cells, monocytes, etc.) being stimulated by vita-
min C. Finally, collagen synthesis with regard to metastasis in-
volves the process of cancer cell breakdown and synthesis of the 
collagen barrier, which involves vitamin C [9]. 
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Surgery is the only treatment that can be expected to cure 
colorectal cancer without metastasis, and adjuvant therapy such 
as chemotherapy and radiation therapy can reduce the risk of 
recurrence, so it is being implemented in patients with stage 2 
or 3 disease [10]. However, despite active surgical resection and 
additional treatment in patients with colorectal cancer, 30%–
50% of those who undergo radical resection usually experience 
recurrence within 2 years [11-13]. 

In a survival analysis of each treatment by Kim et al. [14] in 
Korea, patients who underwent surgery had the highest 5-year 
survival rate (50.2%), followed by patients who received adju-
vant therapy without surgery (14.0%), and all patients who did 
not receive treatment died within 5 years. However, the survival 
rate after radical resection of colorectal cancer is relatively high 
compared to that of other malignant tumors, and the high re-
currence rate remains a problem. Pilipshen et al. [15] reported a 
recurrence rate of 44.2% after radical surgery for rectal tumors, 
Malcolm et al. [16] reported a recurrence rate of 27% after the 
radical resection of colon and rectal cancers, Adloff et al. [17] 
reported a recurrence rate of 31.8%, and Polk and Spratt [18] 
reported a recurrence rate of 31.4%. 

The frequency of recurrence and metastasis increased as the 
stage increased; in particular, the recurrence rate was signifi-
cantly higher in stage 3 than in stage 2 [19]. In addition, a com-
parison of the 5-year survival rates showed that stage 1 T1 was 
more than 95%, T2 was more than 90%, stage 2 was 70%–85%, 
stage 3 N1 was 50%–70%, N2 was 25%–60%, and stage 4 and 
distant metastasis is less than 5% [20]. 

High-dose vitamin therapy, one of many complementary and 
alternative therapies for patients with cancer, was first proposed 
by the renowned American chemist Pauling in the late 1970s. 
Cameron and Pauling [4,21] reported that patients who took 
10 g of vitamin C had three to four times longer survival than 
those in the control group. On the other hand, Moertel et al. [22] 
of the Mayo Clinic argued that there was no significant antican-
cer effect of 10 g of oral vitamin C. 

The Mayo Clinic’s research was conducted with an acceptable 
study design to clarify the initial observation, but it did not 
clearly reproduce Pauling’s research; in fact, it was much small-
er and conducted in a short time. A crucial limitation of both 
studies (Mayo Clinic and Pauling’s) was that approximately 10 g 
of ascorbic acid was administered orally. In clinical practice, the 
concentration of vitamin C that causes cancer cell damage in vi-
tro can be determined using intravenous injections. In addition, 
even if 30 g of vitamin C, which seems to be a large quantity, is 

given to patients with cancer, it does not reach the cancer cell 
toxicity-inducing plasma concentration (>200 mg/dL for densi-
ty monolayers, >400 mg/dL for hollow fiber models) shown in 
the in vitro experiment. In other words, when the same amount 
of vitamin C is given, it only maintains 1/6 of the concentration 
in the plasma compared with that given by intravenous injec-
tion [23,24]. 

Although no significant difference was noted between the vi-
tamin C and control groups in this study, a larger retrospective 
or prospective study could reveal more significant results. It is 
also meaningful to study the degree to which vitamin C admin-
istration in cancer patients reduces fatigue and improves their 
quality of life. 

The present study had several limitations. First, the study 
period was 23 years; therefore, the surgery and treatment meth-
ods used throughout were heterogeneous. Second, as this was 
a retrospective study using previous medical records, the num-
ber of experimental patients administered high-dose vitamin 
C was too small (n=30). Third, it was difficult to represent all 
patients because the sample was composed of patients who had 
undergone surgery in a locally limited hospital. Fourth, in this 
hospital, patients with terminal colorectal cancer, that is, stage 4 
colorectal cancer, receive high-dose vitamin C treatment. 

Another limitation was that the effect of oral administration 
of vitamin C was overlooked because the subjects’ vitamin C 
dietary patterns could not be investigated. 

High-dose vitamin injection therapy has secured consider-
able evidence in vitro as an alternative to prevent colon cancer 
metastasis and recurrence. However, clinical studies have pro-
vided insufficient evidence to support this hypothesis. Thus, 
future large-scale clinical studies of hyperactivity with specific 
chemotherapy regimens for specific cancers are warranted. 

In summary, this retrospective study showed that high-dose 
vitamin C monotherapy does not affect recurrence or mortality 
rates of colorectal cancer. 
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