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Objective: Hyperuricemia is linked to the prognosis of a number of cancers; however,
its association with colon cancer survival has not been fully elucidated. To investigate
whether hyperuricemia affects the prognosis of colon cancer, we conducted
a retrospective study.

Methods: The study included age- and sex-matched colon cancer patients, of whom 60
patients were diagnosed with hyperuricemia, and 120 patients did not have hyperuricemia.
The overall survival (OS) and disease-free survival (DFS) of these patients were evaluated
by Kaplan—-Meier (K-M) analysis. The association between the survival of colon cancer
patients and hyperuricemia was analyzed using the Cox regression method after adjusting for
tumor stage and grade and vascular infiltration.

Results: The K-M survival analysis supported that patients with hyperuricemia had poor OS
(P for the Log rank test = 0.0008) and DFS. As demonstrated by the univariate analysis, the
presence of hyperuricemia was correlated with decreased OS (HRpg = 2.09, P = 0.002).
Tumor grade and tumor stage were also found to be independent predictors for the prognosis
of colon cancer patients. In addition, poor OS among patients with hyperuricemia was also
confirmed in the adjusted analysis (HRgg = 1.94, P = 0.005).

Conclusion: Hyperuricemia has an adverse effect on the prognosis and survival of patients
with colon cancer. Further studies evaluating the cellular and molecular mechanisms are
needed to validate the prognostic value of hyperuricemia in colon cancer.
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Introduction

Colon cancer poses a major threat to public health and is the leading cause of
cancer-related death worldwide.! Although there has been progress in colon cancer
diagnosis, patients with colon cancer still have a low survival rate, especially
patients at an advanced stage.>” The discovery of factors associated with cancer
prognosis might help develop therapies with higher efficiency and improve the
prognosis of colorectal cancer patients. Many studies have suggested that metabo-
lism-related factors exert vital effects on the prognosis of colon cancer. Previous
studies have shown that colorectal cancer patients with diabetes mellitus have
a higher mortality risk and lower disease-free survival rate than those without
diabetes mellitus.* Xiao et al confirmed that Exo70 was an independent prognostic
factor in colon cancer.” And Ren et al found high expression of PLAC1 was related
to poor prognosis of colon cancer patients.® In the last decade, the correlation
between hyperuricemia and the incidence and mortality in multiple cancers has

drawn much attention.
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Uric acid, found in serum, is a molecule possessing
antioxidant and pro-oxidant properties.”® Hyperuricemia
is characterized by elevated levels of uric acid in the
serum, which enhances the local or systemic inflammatory
response.” Abnormal metabolism of serum uric acid may
cause cardiovascular disease, respiratory disorders, renal
disease and metabolic syndrome.'®'" Interestingly, uric
acid may prevent cancer due to its antioxidant properties
regardless of its pro-inflammatory effect.'"'? Conversely,
a high level of uric acid present in the serum is indepen-
dently correlated with increased mortality in cancer."
However, the effect of hyperuricemia on the survival rate
of colorectal cancer patients remains unclear. Here, we
investigated the impact of hyperuricemia on the prognosis
of colon cancer patients.

Materials and Methods

Research Design

Patients with histologically diagnosed colon cancer (from
July 2002 to June 2014) at our hospital were recruited in
this retrospective cohort study. A total of 180 colon cancer
patients, including 60 patients with hyperuricemia and 120
patients without hyperuricemia matched by age, gender,
tumor location, and treatment methods, and so on. The
study was conducted following approval from the local
human research ethics committee. Informed consent forms
were signed by all participants. All patients have strictly
followed the treatment protocol in our hospital, which is
comparable between the two groups. Patients were
excluded if they had a previous history of diabetes melli-
tus, coronary artery disease, cerebrovascular diseases, or
treatment for hyperuricemia or if they had no information
on the levels of uric acid or were not followed up. We
recorded the age, sex and race of patients, the date and
time of diagnosis, the stage, size and grade of tumors,
vascular infiltration, and level of serum uric acid. TNM
staging system was adopted in the diagnosis of colorectal
cancer, which was divided into I, II, III and IV stages
according to the depth of primary tumor invasion, regional
lymph node metastasis and distant metastasis. According
to the College of American Pathologists and World Health
Organization, grade is assessed by calculating the percen-
tage of gland forming in the tumor. Low-grade tumors
have over 50% gland forming (well or moderately differ-
entiated) and high-grade tumors have less than 50% gland
forming (poorly differentiated).'* Vascular infiltration was
defined as tumor within a round or ovoid vessel-like

structure containing elastic tissue fibers arranged in an
orderly concentric fashion including intramural and extra-

mural blood vessel invasion.'®

Uric Acid Assay

Prior to therapy, blood samples were collected by a single
peripheral venous puncture. The level of serum uric acid
was determined using the EDTA hydrazine method.
Patients with serum uric acid levels greater than 420
pmol/L (male) or 360 umol/L (female) were diagnosed
with hyperuricemia.

Outcome Estimation

We investigated the correlation of hyperuricemia with the
overall survival (OS) and disease-free survival (DFS) of
colon cancer patients. Patients included in this study were
followed-up quarterly for three years and then half-yearly.
All patients receives follow-up till to death or the end of
follow-up or loss of visit. The most recent follow-up
record in this study was performed on May 20, 2019.

Statistical Analysis

The Kaplan—-Meier method and the Log rank test were
used to study the correlation of hyperuricemia with the
OS of colon cancer patients. The hazard ratio (HR) with
95% confidence interval (CI) was determined, and Cox
regression analysis was also performed. Covariates con-
sisted of age (> 59 vs < 59), sex (male vs female), tumor
grade (low vs high), TNM stage (II/IV vs I/II), and
vascular infiltration (Yes vs No). STATA (version 12.0)
was used for estimation.

Results

Table 1 summarizes the characteristics of all colon cancer
patients. Patients with hyperuricemia had tumor stages and
grades and vascular infiltration results that were similar to
those in patients without hyperuricemia. However, colon
cancer patients with hyperuricemia had significantly shorter
OS and DFS than those without hyperuricemia, as revealed
by the Kaplan—Meier analysis (Figures 1 and 2). In addition,
the univariate analysis revealed that hyperuricemia was cor-
related with a decreased OS rate in colon cancer patients
(HRps=2.09, 95% CI 1.32-3.31; P = 0.002) (Table 2).
Furthermore, the multivariate analysis showed that hyperur-
icemia remained correlated with poor OS in colon cancer
patients after adjustment for factors including age, sex, tumor
stage and grade, and vascular infiltration (HRps=1.94, 95%
CI 1.22-3.09; P = 0.005) (Table 2). The sensitivity analysis
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Table | Characteristics of Colon Cancer Patients

Factors Hyperuricemia | Normouricemia | P
(60) (120)

Age, n (%) 0.670

<59y 36 (60.0%) 68 (59.4%)

259 y 24 (40.0%) 52 (40.6%)

Sex, n (%) 0.600

Female 25 (41.7%) 55 (45.3%)

Male 35 (58.3%) 65 (54.7%)

TNM stage, 0.768

n (%)

| Il (18.3%) 20 (16.6%)

Il 10 (16.7%) 24 (20.0%)

11l 29 (48.3%) 62 (51.7%)

v 10 (16.7%) 14 (11.7%)

Tumor grade, 0.483

n (%)

High 41 (68.3%) 88 (73.3%)

Low 19 (31.7%) 32 (26.7%)

Vascular 0.764

infiltration, n (%)

Yes 8 (13.3%) 18 (15.0%)

No 52 (86.7%) 102 (85.0%)

also strongly supported the findings mentioned above (data
not shown), and the overall data remains stable and unaf-
fected. In addition, colon cancer patients with low-grade
tumors and tumors of advanced TNM stage had poor
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Figure | Kaplan—Meier overall survival (OS) analysis (P for the Log rank test equal
to 0.0008).
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Figure 2 Disease-free survival (DFS) analysis.

prognosis (Table 2).Accordingly, hyperuricemia was inde-
pendently associated with poor prognosis of colon cancer.

Discussion

Chemotherapy is the optimal treatment for colon cancer
patients after surgery and those with advanced colon can-
cer. At present, researchers are still searching for prognos-
tic biomarkers that can indicate the efficacy of
chemotherapy for colon cancer patients. The development
of optimized chemotherapy and personalized treatments
for colon cancer will benefit from the identification of
prognostic factors for tumor progression.'®!” In particular,
currently available data reveal that metabolic disorders of
serum uric acid promote the development and progression
of malignant tumors.'®'? However, the role of serum uric
acid in colon cancer prognosis remains largely unknown.
In this retrospective cohort study, we investigated whether
hyperuricemia affected the prognosis of colon cancer.
Overall, patients suffering from both colon cancer and
hyperuricemia had a poor prognosis compared to colon
cancer patients without hyperuricemia, regardless of age,

sex, TNM stage, tumor grade, and vascular infiltration.

Studies have shown that high levels of serum uric acid
can promote inflammation, resulting in hyperuricemia,
gout and cardiovascular complications.>*>* Increased pro-
liferation of tumor cells may contribute to elevated levels
of serum uric acid, leading to hyperuricemia, suggesting
a potential link between tumors and wuric acid
metabolism.”> However, the role of serum uric acid in
carcinogenesis remains obscure due to its antioxidant and
pro-inflammatory properties.'> Owing to its antioxidant

properties, serum uric acid can reduce oxidation-induced
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Table 2 Cox Regression Analysis
Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) P
Age (259 years) 1.40 (0.89-2.20) 0.149 1.30 (0.82-2.07) 0.268
Sex (male/female) 1.14 (0.72—1.80) 0.582 1.13 (0.71-1.80) 0.597
Stage (II/IV) 2.50 (1.44-4.34) 0.001 3.30 (1.80-6.05) <0.001
Vascular infiltration 0.72 (0.31-1.65) 0.437 1.02 (0.42-2.47) 0.970
Tumor grade (low) 1.36 (0.85-2.17) 0.202 2.07 (1.25-3.44) 0.005
Hyperuricemia (with/without) 2.09 (1.32-3.31) 0.002 1.94 (1.22-3.09) 0.005

Abbreviation: HR, hazard ratio.

cell damage. A number of studies have shown that hyper-
uricemia is also correlated with an increased risk of
cancer.>*** Furthermore, an increased level of serum uric
acid is related to cancer outcomes, possibly reflecting
more serious prognostic indications.>*** Increased lysis
of malignant cells can lead to hyperuricemia, which thus
predisposes patients to an increased risk of renal failure
and coronary heart disease.’?’ And Kalemkerian et al
confirmed that renal insufficiency, elevated serum lactate
dehydrogenase (LDH), and hyperuricemia were found in
tumor lysis syndrome of solid tumors including colon
cancer, which implied that tumor lysis syndrome is an
important cause of hyperuricemia.”® Therefore, more data
are needed to better interpret the underlying link between
hyperuricemia and cancer.

Previous studies have suggested that hyperuricemia is
correlated with the prognosis of several -cancers.
Tanriverdi et al found that non-small-cell lung cancer
patients with hyperuricemia had a higher risk of tumor
metastasis to the brain and poorer prognosis than patients
without hyperuricemia.’’ A recent study showed that
hyperuricemia negatively impacts the prognosis of patients
with osteosarcoma.>’ However, increased levels of uric
acid are correlated with improved clinical outcomes in
patients diagnosed with soft-tissue sarcoma.’’ We found
that colon cancer patients with hyperuricemia had poor OS
and DFS compared with those without hyperuricemia.
Given that uric acid has diverse biological activities at
different sites, such as serum, soft tissues and joints, an
increase in uric acid from different origins might have
varying effects on the development of tumors. Therefore,
more studies are required to estimate the prognostic roles

of uric acid in different malignant tumors.

The findings from this study must be interpreted cau-
tiously due to the limitations of the cohort. The study was
based on a retrospective design and employed a relatively
small cohort to estimate cancer prognosis. In addition,
different levels of serum uric acid might have different
effects on the prognosis of patients with colon cancer.
Future studies are encouraged to determine the precise
prognostic role of different serum levels of uric acid in
patients with colon cancer. Moreover, colon cancer
patients with hyperuricemia receiving treatments and
other comorbidities were excluded in this study, which
might cause selection bias.

Conclusion

This study strongly suggests that hyperuricemia confers
adverse effects on the prognosis of patients with colon
cancer. Future studies are warranted to confirm the prog-
nostic role of hyperuricemia, particularly regarding differ-
ent levels of uric acid in the serum.
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