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Background: Few previous studies have investigated the relationship between serum oxidative stress and
the status of patients with colorectal cancer. Our aim in the current study was to investigate the significance
of serum oxidative stress as a prognostic marker in these patients.

Methods: The subjects were 53 patients who underwent curative resection of high-risk stage II or stage
IIT colorectal cancer. The correlation of serum oxidative stress (Reactive Oxygen Metabolites Test: d-ROMs
Test) with recurrence-free survival was examined.

Results: There were no significant differences in d-ROMs between the recurrence and non-recurrence
groups at four time points (OM: before the start of postoperative adjuvant chemotherapy; and 1M: 1 month;
3M: 3 months; and 6M: 6 months after the start of postoperative adjuvant chemotherapy). Only the 3M/0M
d-ROMs (the value at 3M relative to the value at 0M) was increased compared with the other time points
in the recurrence group, as well as with all time points in the non-recurrence group. In univariate analysis,
there were significant differences in recurrence-free survival with respect to N classification (P=0.004) and
3M/0M d-ROMs (P=0.002). In multivariate analysis, both N classification and serum oxidative stress were
found to be significant independent prognostic factors (P=0.02, HR=4.49; P=0.02, HR=5.61, respectively).
Conclusions: The results of this study demonstrate the prognostic value of serum oxidative stress in

colorectal cancer.
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Introduction of the clinically applied markers are tumor-oriented. On
the other hand, patient-oriented predictive markers, such
as the performance status (PS), the American Society of
Anesthesiologists (ASA) score or prognostic nutrition index
(PNI) have also been reported (6-8).

Recently, it has been reported that serum oxidative stress

Colorectal cancer is one of the most common causes
of cancer death worldwide, and its incidence in Japan
is increasing rapidly (1,2). The long-term outcomes in
patients with colorectal cancer have improved over the

past two decades (3). Follow-up surveillance after surgery plays an important role in the development and progression

for colorectal cancer is usually conducted with predictive
markers, such as blood CEA levels (4,5). Since these

markers reflect tumor development or progression, most
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of human cancers (9,10). Some reports have suggested that
high levels of serum oxidative stress are associated with poor
prognoses in chronic lymphocytic leukemia or lung cancer
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(11,12). However, few previous studies have investigated the
relationship between serum oxidative stress and the status of
colorectal cancer patients.

We hypothesize that serum oxidative stress is an indicator
of prognosis in colorectal cancer. Our aim in the current
study was to investigate the significance of serum oxidative
stress as a prognostic marker in colorectal cancer patients
after curative resection.

Methods
Study population

The subjects were 53 patients who underwent curative
resection of high-risk stage II or stage III colorectal cancer
between 2008 and 2010, and were subjects in an earlier
study (13). Based on the ASCO recommendations (14),
high-risk stage II was defined as the disease with high
grade differentiation, T4 disease, inadequate lymph node
harvesting (<12 lymph nodes dissected), preoperative ileus
or perforation. The inclusion criteria were an Eastern
Cooperative Oncology Group PS of 0, 1 or 2, age <80 years
old, and no synchronous or metachronous multiple cancers.
No subjects received preoperative adjuvant chemotherapy
or chemoradiotherapy because these treatments were not
widely accepted for use in colorectal cancer in Japan during
the study period. Patients received Tegafur/uracil (UFT;
Taiho®, Japan) (300 mg/m’/day) and Leucovorin (LV; Taiho®,
Japan) (75 mg/day) with or without Polysaccharide-Kureha
(PSK; Kureha®, Japan) (3.0 g/day) daily as postoperative
adjuvant chemotherapy, starting 4 to 8 weeks after surgery,
and continuing for six months or until tumor recurrence (13).
UFT/LV was administered for 5 consecutive days, followed
by 2 days without administration of the drugs (13). Database
and medical records were reviewed retrospectively. The study
was approved by the institutional review board of Juntendo

University Hospital (No. 17-178).

Examination content

Background data, clinicopathological factors and serum
oxidative stress were analyzed. Serum oxidative stress was
measured using a Reactive Oxygen Metabolites (d-ROMs)
Test. The d-ROMs Test measures the hydroperoxide
concentration using the FRAS4 Free Radical Analytical
System (Wismerll Co., Tokyo, Japan). This test was
performed as described previously (15,16). Briefly, the
d-ROM:s test was performed with fresh serum immediately
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after blood collection. In this test, hydroperoxides released
from proteins in serum are catalyzed by transition metals
to form free radicals that are trapped by an alchilamine,
which results in increased absorbance at 505 nm. The
optical density of the photometrically colored complex that
is formed is directly proportional to the concentration of
hydroperoxides. The results are expressed in arbitrary units
“U.CARR?”, and the reference range is 250-300 U.CARR.
A d-ROMs value >300 U.CARR suggests serum oxidative
stress due to abnormal production of free radicals. Serum
oxidative stress using the d-ROMs test and adverse events
were monitored for 6 months during postoperative adjuvant
chemotherapy in our previous study (13). Therefore, the
d-ROMs test was performed before and 1, 3 and 6 months
after the start of postoperative adjuvant chemotherapy in
this study.

Statistical analysis

A Fisher exact probability test was used to compare discrete
variables. Continuous variables were compared by Mann-
Whitney U-test for individual comparisons and Wilcoxon
signed rank test for paired comparisons. Spearman rank
correlation coefficient analysis was used to estimate
correlations of continuous variables between two groups. The
Kaplan-Meier method was used to calculate recurrence-free
survival, and univariate analyses were performed by log-rank
test. Clinicopathological factors with significant differences
in univariate analysis were used as covariates in multivariate
analysis, using a Cox proportional-hazard regression model
with 95% confidence intervals. The area under the receiver
operating curve (AUROC) was used to determine a cut-off
value for the d-ROMs Test. The value obtained when the
AUROC was largest was defined as the cut-off value. JMP 9
software (SAS Institute Inc., Cary, NC, USA) was employed
to analyze the data. Statistical significance was set at P<0.05.
Values are expressed as the median (range).

Results
Patient characteristics

The patient characteristics are shown in Table 1.
Preoperative morbidities were observed in 38 patients
(71.7%). Postoperative complications (Clavian-Dindo; all
grades) were observed in 13 patients (24.5%). Recurrence
was detected in 12 patients (22.6%), including in the liver
in 7 patients (13.2%), lung in 3 patients (5.7%), para-
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Table 1 Patient characteristics

Clinicopathological factors Value (N=53)
Age, years, median [range] 65 [37-78]
Gender, n (%)

Male 30 (56.6)

Female 23 (43.4)
Location, n (%)

Colon 38 (71.7)

Rectum 15 (28.3)
Preoperative morbidity, n (%)

Present 38 (71.7)

Absent 15 (28.3)
Procedure, n (%)

Open 22 (41.5)

Laparoscopic 31 (58.5)
Postoperative complication, n (%)

Present 13 (24.5)

Absent 40 (75.5)
Differentiation, n (%)

Well differentiated adenocarcinoma 9(17.0)

Moderately differentiated adenocarcinoma 39 (73.6)

Poorly differentiated adenocarcinoma 3(5.7)

Mucinous adenocarcinoma 2(3.8)
Stage, n (%)

I 7(13.2)

M 46 (86.8)
Recurrence forms*, n (%)

Liver 7(13.2)

Lung 3(5.7)

Para-aortic lymph node 2 (3.8)

Local (intrapelvic) 1(1.9

Peritoneum 1(1.9

*, with some duplication.

aortic lymph node in 2 patients (3.8%), local (intrapelvic) in
1 patient (1.9%) and peritoneum in 1 patient (1.9%). Some
patients had multiple recurrences. The median observation
period for survivors was 81.1 months (range, 12.5-
106.2 months).
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d-ROMs test

There were no significant differences in the d-ROM:s
between the recurrence and non-recurrence groups at the
four time points (before the start of postoperative adjuvant
chemotherapy; OM, 1 month; 1M, 3 months; 3M and
6 months; 6M after the start of postoperative adjuvant
chemotherapy) (P=0.75, 0.74, 0.50 and 0.94, respectively)
(Figure I). Next, we compared the serial changes of the
d-ROMs, with OM as the standard. Serial changes in the
relative d-ROMs are shown in Figure 2. Similarly, there were
no significant differences in the relative d-ROMs between
the two groups at the three time points (i.e., the values at
each point relative to the values at 0M) (1M/0M: P=0.84,
3M/0M: 0.42 and 6M/0M: 0.90). Only the 3M/0M d-ROMs
was increased compared with the other time points in the
recurrence group, as well as with all time points in the non-
recurrence group. There were also no significant differences
in the relative d-ROMs between stages II and III at the three
time points (i.e., values at each point relative to the value at

0M) (1M/0M: P=0.94, 3M/0M: P=0.58 and 6M/0M: P=0.65).

Cut-off value for the d-ROMs test

Since there were no significant differences in the d-ROMs
between the two groups at each time point, we attempted
to determine which time point would be optimal to predict
long-term outcomes. To determine which time point was
optimal relative to recurrence-free survival, AUROCs were
calculated for the relative d-ROMs findings. The AUROCs
were 0.5305 (OM), 0.5315 (1M), 0.5640 (3M), 0.5081 (6M),
0.5183 (1M/0M), 0.5772 (3M/0M) and 0.5135 (6M/0M).
Consequently, AUROC was largest when the 3M/0M d-ROMs
finding was used. Thus, for a cut-off value for 3M/0M d-ROMs
of 1.458, the odds ratio relative to recurrence-free survival was
the largest. Therefore, the cut-off value was defined as the
3M/0M d-ROMs value of 1.458, and patients were categorized
into two groups: 47 in the low group 3M/0M d-ROMs
<1.458) and 6 in the high group 3M/0M d-ROMs >1.458).

Comparisons of clinicopathological factors between the low
and bigh groups

In univariate analysis, there were no significant differences
in clinicopathological factors between the low and high
groups (Tuble 2). There were no significant correlations
between 3M/0M d-ROMs and CEA values preoperatively,
and at OM, 1M, and 3M (P=0.94, 0.80, 0.72 and 0.46,
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Figure 1 Comparison of d-ROMs values between the recurrence and non-recurrence groups at four time points. There was no significant
difference in d-ROMs between the two groups at each time point (P=0.75, 0.74, 0.50 and 0.94, respectively).

3 Table 2 Comparison of clinicopathological factors between the low
poss  P-042 P00 [MNon-recurence group and high groups for 3M/0M d-ROM:s
% |:’ Recurrence group
g 2 ’ : 3M/0M d-ROMs
3 I e Clinicopathological P val
o . Q : factors Low group”  High group*  value
5 = =47 =6
5 = = (n=47) (n=6)
1 i Age 65[37-78] 62 [57-78]  0.90
0
OM  1M/OM  3M/OM  6M/OM Gender 0.69
Figure 2 Serial changes in the relative d-ROMs. There was no Male 26 4
significant difference in the relative d-ROMs between the two Female 21 2
groups at each of the three time points: 1M/0M: P=0.84, 3M/0M: Current smoking 0.31
P=0.42, 6M/0M: P=0.90.
Present 8 2
Absent 39 4
respectively) (Figure 3). Location 0.66
Colon 33 5
Prognostic factors related to recurrence-free survival Rectum 14 1
Comparisons of recurrence-free survival rates according to Preoperative morbidity 0.17
clinicopathological factors and 3M/0M d-ROMs are shown in Present 32 6
Table 3. In univariate analysis, only N classification (P=0.004) Absent 15 0
and 3M/0M d-ROMs (P=0.002) had significant associations
with recurrence-free survival. In multivariate analysis with Preoperative CEA 3.3(06-48.5) 6.5(0.9-14.6) 0.33
these two factors used as covariates, both N classification Procedure 1.00
(P=0.02; HR=4.49) and 3M/0M d-ROMs (P=0.02; HR=5.61) Open 20 5
were found to be significant independent prognostic factors _
Laparoscopic 27 4

(Tiuble 4). Recurrence-free survival curves for each factor are

shown in Figure 4. Recurrence-free survival in N2 cases was Table 2 (continued)
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Table 2 (continued)

3M/0OM d-ROMs

Clinicopathological

factors Low group’  High group* P value
(n=47) (n=6)

Postoperative complication 1.00
Present 12 1
Absent 35 5

Differentiation 0.47
Differentiated® 43 5
Undifferentiated" 4 1

T classification 1.00
T1-T3 40 5
T4 7 1

Lymphatic invasion 0.39
None-mild 44 5
Moderate-severe 3 1

Venous invasion 0.65
None-mild 32 5
Moderate-severe 15 1

Stage 1.00
I 6 1
M 41 5

N classification 1.00
NO, 1 39 5
N2 8 1

Completion of postoperative adjuvant 0.47

chemotherapy
Present 43 5
Absent 4 1

. 3M/OM d-ROMs <1.458; *, 3M/0OM d-ROMs =1.458; 5, well-
or moderately-differentiated adenocarcinoma; ', poorly-
differentiated or mucinous adenocarcinoma.

significantly worse than that in NO or N1 cases (P=0.004) and
in patients in the high 3M/0M d-ROMs group compared to
those in the low 3M/0M d-ROMs group (P=0.002).

Discussion

Oxidative stress is the consequence of overproduction
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of free radicals in mitochondria, such as reactive oxygen
species (ROS) (17). Accumulation of oxidative stress leads
to harmful effects on lipids, proteins, and DNA (17).
ROS caused by oxidative stress are found in most cancers
due to highly accelerated metabolism, and may promote
aggressive phenotypes of tumor cells (18). Cancer cells
can maintain ROS levels and avoid cell death (19), and
ROS promote a sequence of tumor development and
progression through these aggressive phenotypes (20). In
normal cells, tumor suppressor genes (T'SGs) control an
increase in oxidative stress and maintain the oxidation-
reduction balance to prevent oxidative damage to DNA
and proteins (20). This protective effect partly occurs
due to hypomethylated anti-oxidative genes, as well as
upregulated pro-apoptotic genes (21).

The absence of TSGs can lead to ROS accumulation
because cancer cells switch off anti-oxidative pathways (22).
Oncogenes also play a crucial role in controlling the
ROS balance, and upregulation of other oncogenes may
block the effects of T'SGs and promote overproduction of
ROS (23). Therefore, ROS can induce factors that promote
epithelial-mesenchymal transition (EMT), which leads to
tumor invasion and metastasis (24). ROS production in
cancer cells also enhances metabolic adaptation to tumor
microenvironments, which leads to proliferation and
angiogenesis (25), and in pancreatic ductal carcinoma, increased
ROS has both pro-survival and anti-apoptotic effects (26).
However, the relationship between oxidative stress at the
serum level and the status of colorectal cancer patients remains
unclear (10). Therefore, we analyzed the clinical significance of
serum oxidative stress in colorectal cancer.

The d-ROMs test detects derivatives of reactive oxygen
metabolites (27). The principle of the test is that a lowered
pH releases iron from serum proteins, which leads to
degradation of hydroperoxides into free radicals through the
Fenton reaction (28). The d-ROM:s test is simple, quick, and
requires only a minimal volume of sample (29). Therefore,
the test has become increasingly popular (30) and has
been used as a global indicator of serum oxidative stress in
metabolic diseases such as atherosclerosis, hypertension,
and diabetes (27,31,32). Recently, the d-ROMs test has also
been applied in cancer research (11,33-35). D’Arena and
colleagues (11) reported that elevated d-ROMs in chronic
lymphocytic leukemia (CLL) was likely to reflect reduced
survival. In lung cancer, Tsukioka and colleagues (33)
reported that d-ROMs was a significant predictive factor for
nodal involvement in Stage I lung cancer. Katsabeki-Katsafli
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Figure 3 The correlations between the 3M/0M d-ROMs and CEA. There was no significant correlation between 3M/0M d-ROMs and
CEA values preoperatively, and at OM, 1M, and 3M (P=0.94, 0.80, 0.72, and 0.46, respectively).

and colleagues (34) showed that serum vascular endothelial
growth factor was significantly correlated with serum
oxidative stress in patients with lung cancer and concluded
that this correlation might imply new mechanisms
controlling tumor angiogenesis in lung cancer.

In colorectal cancer, there have been no reports relating
d-ROM:s to cancer progression. This may be because
the results of the d-ROMS test vary both intra- and
interindividually, as well as among clinical stages. For this
reason, in the current study we limited the subjects to
patients with similar stages, i.e., stage II and III, and with
an identical postoperative adjuvant chemotherapy regimen.
In fact, chemotherapy has been reported to affect serum
oxidative stress in cancer patients (35). Furthermore, since
there was no significant difference in the d-ROMs test
between the recurrence and non-recurrence groups at each
time point, we divided the d-ROMS values at each time
point (1M, 3M, etc.) by the values at OM. Subsequently,
the 3M/0M d-ROMs value was found to be a significant

© Translational Cancer Research. All rights reserved.

independent prognostic factor. In this respect, our study
is the first to demonstrate the prognostic significance of
d-ROMs in patients with colorectal cancer. However, the
reason why the 3M/0M value was the most significant
remains unclear. The 3M/0M values may reflect invisible
cancer cells remaining inside the body after macroscopically
curative resection. Alternatively, differences in serum
oxidative stress levels may reflect inherent differences in
physiology independent of the tumor type; i.e. certain
patients may have higher serum oxidative stress that then
leads to a higher recurrence rate, rather than a particular
tumor type causing this process. In either case, it is
important to determine the optimal time point to evaluate
d-ROMs for prognostic significance after curative surgery
in colorectal cancer.

Interestingly, there were no significant correlations between
d-ROMs values and background and clinicopathological
factors, including current smoking status. This finding is
similar to previous studies in lung cancer (33,36). Moreover,
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Table 3 Comparisons of recurrence-free survival rates according to
clinicopathological factors and 3M/0M d-ROMs

. ) 5-years recurrence-
Clinicopathological factors  n Y . o P value
free survival (%)

Age (years) 0.67
<75 47 78.2
>75 6 83.3

Gender 0.85
Male 30 79.4
Female 23 78.3

Location 0.63
Colon 38 78.5
Rectum 15 80.0

Preoperative morbidity 0.65
Present 38 75.7
Absent 15 86.7

Procedure 0.90
Open 22 77.0
Laparoscopic 31 80.2

Postoperative complication 0.87
Present 13 84.6
Absent 40 76.9

Differentiation 0.35
Differentiated’ 48 80.8
Undifferentiated* 5 60.0

T classification 0.92
T1-T3 45 79.5
T4 8 75.0

Lymphatic invasion 0.16
None-mild 49 81.2
Moderate-severe 4 50.0

Venous invasion 0.28
None-mild 37 75.1
Moderate-severe 16 87.5

Stage 0.15
I 7 100.0
M 46 75.6

Table 3 (continued)
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Table 3 (continued)

- . 5-years recurrence-
Clinicopathological factors  n 4 . o P value
free survival (%)

N classification 0.004
NO, 1 44 86.0
N2 9 44.4

Completion of postoperative adjuvant chemotherapy 0.79
Present 48 78.7
Absent 5 80.0

3M/0M d-ROMs 0.002
Low group® 47 84.8
High group” 6 25.0

T well-differentiated adenocarcinoma; *, poorly-differentiated or
mucinous adenocarcinoma; ¥, 3M/0M d-ROMs <1.458; ¥, 3M/0M
d-ROMs >1.458.

Table 4 Prognostic factors related to recurrence-free survival using
a Cox proportional-hazard regression model

Clinicopathological 95%
P 9 Variables P value . confidence
factors ratio )
intervals
N classification N2 0.02 4.49 1.31-14.35

3M/OM d-ROMs  High group’ 0.02 561 1.43-19.49
', 3M/OM d-ROMs >1.458.

there were no significant correlations between d-ROMs
and CEA levels at any time point, including preoperative
values. According to these findings, serum oxidative stress
status, as determined by the d-ROM:s test, is an independent
factor that could reflect a recurrence-favored environment
in vivo, independent of clinicopathological factors, including
serum CEA levels, and treatment-related factors. However,
further investigation is needed to confirm this finding. In
addition, we do not know whether these findings indicate a
cause or a consequence of increased oxidative stress; that is,
the phenomenon observed herein may reflect an enhanced
tendency to develop recurrence under the influence of
increased serum oxidative stress, or increased serum oxidative
stress may be a consequence of recurrent disease. These
theories appear to be one and indivisible.

Finally, there are several limitations in this study that
are partly inherent to retrospective studies. First, the data
were collected at a single institute and only a small number
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Figure 4 Recurrence-free survival curves. Recurrence-free survival in N2 cases was significantly worse than that in NO or N1 cases (P=0.004),
and in patients in the high 3M/0M d-ROMs group compared to those in the low 3M/0M d-ROM:s group (P=0.002).

of cases were investigated, without a validation cohort. It is
clear that a validation study with a different patient cohort
will be necessary to confirm whether serum oxidative stress
is an independent prognostic marker in colorectal cancer.
Therefore, a prospective validation study with a sufficiently
large cohort to investigate the prognostic capability of
the d-ROMs test is anticipated in the future. Second, the
optimal cut-off values for the d-ROMs test may vary among
study cohorts and with study goals. Third, we did not
measure d-ROMs preoperatively because we initially aimed
to evaluate serum oxidative stress that could result from
postoperative adjuvant chemotherapy, as in our previous
study (13). If serum oxidative stress were to reflect the status
of patients in terms of the tendency for recurrence, the
preoperative measurement of d-ROMs would be interesting.
Finally, we did not have detailed information with respect
to food intake or antioxidant supplements that could
influence d-ROMs values. A previous study showed that the
d-ROMs test is easily affected by lifestyle; i.e., food (37).
In contrast, postoperative adjuvant chemotherapy in this
study was consistent in all patients and did not influence the
d-ROMs values (13).

Ras mutations have been reported to result in
upregulation of oxidative stress in cancer cells (38). Patients
with stage IV colorectal cancer are more likely to be
affected by increased oxidative stress. Therefore, it will
be interesting to study the relationship between serum
oxidative stress and response to chemotherapy. Since ROS
contribute to proliferation and survival of many cancers,
inhibition of increased ROS production may be a promising

© Translational Cancer Research. All rights reserved.

future therapeutic strategy (23).

Conclusions

This study demonstrated the prognostic capability of serum
oxidative stress in colorectal cancer. A prospective validation
study in a large cohort of patients with colorectal cancer is
needed to further validate these findings.
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