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HIGLIGHTS

e The study aims to investigate the
risk of developing Colorectal cancer
in patients with a history of chronic
tophaceous gout.

A retrospective cohort analysis of
adults extracted from a validated
multicenter and research platform
database from hospitals in the
United States was utilized.

The risk of Colorectal cancer was
statistically significantly increased

in male gender, smokers, alcoholics,
obese, type 2 Diabetic, and chronic
tophaceous gout patients.

The risk of developing Colorectal
cancer was significantly higher

in patients who have a history of
Chronic tophaceous gout while
accounting for potential confounding
variables.
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ABSTRACT — Background — Colorectal cancer is the third most common type of

cancer in both men and women and ranks second as the most common cause
of cancer death in the United States. Classic risk factors include tobacco smok-
ing, high alcohol consumption, physical inactivity and excess body weight. A
prospective study found that an elevated serum uric acid was associated with
higher rates of cancer-associated polyps. Interestingly, other studies found an
association between elevated levels of serum uric acid and other types of cancer
including colorectal cancer. Objective — Our study aimed to evaluate whether
patients with chronic tophaceous gout had an increased risk of developing colo-
rectal cancer. Methods — A validated multicenter and research platform database
of more than 360 hospitals from 26 different healthcare systems across the United
States was utilized to construct this study. Patients aged 18 years and above were
included. Individuals who have had a history of familial adenomatous polyposis,
a family history of colon cancer, and those diagnosed with inflammatory bowel
disease were excluded from the analysis. The risk of developing colon cancer
was calculated using a multivariate regression analysis to account for potential
confounders. Results — 80,927,194 individuals were screened in the database and
70,177,200 were selected in the final analysis after accounting for inclusion and
exclusion criteria. Type 2 diabetics (28.57%), smokers (10.98%), obese individuals
(18.71%), alcoholics (3.13%), and patients who have had a diagnosis of chronic
tophaceous gout were more common in the colon cancer group compared to
those without the malignancy. Using multivariate regression analysis, risk of co-
lon cancer was calculated for male gender (OR: 1.02; 95%CI: 1.01-1.03), smokers
(OR: 1.54; 95%CI: 1.52-1.56), alcoholics (OR: 1.40; 95%CI: 1.37-1.43), obese pa-
tients (OR: 1.52; 95%CI: 1.50-1.54), type 2 diabetic individuals (OR: 3.53; 95%CI:
3.50-3.57), and those who have had a diagnosis of chronic tophaceous gout (OR:
1.40; 95%CI: 2.48-3.23). Conclusion — As expected, patients with colon cancer
were found to have a higher prevalence in males, obese, tobacco and alcohol
users. We also demonstrated that patients with gout have a significantly higher
prevalence of CRC than those who do not before and after adjusting for metabolic
risk factors. In fact, uric acid was found to induce production of reactive oxygen
species, thus potentially promoting tumorigenesis. It would be interesting to as-
sess the prevalence of colon cancer in patients with gout who have a serum uric
acid that is less than 7 mg/dL. This might promote a tighter control of serum uric
acid levels in this population in order to decrease the risk of colon cancer.

Keywords — Colorectal cancer; tophaceous gout; colon cancer; gout.
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INTRODUCTION

Colorectal cancer (CRC) is ranked second among
the most common causes of cancer death in the Uni-
ted States. It is the third most common type of cancer
in men and women, with the incidence in men being
higher than in women®?. While some forms of CRC
are transmitted through familial clustering or inheri-
ted syndromes®, most CRC cases are sporadic and
the age of onset is above 50 years. In fact, 60% of pa-
tients with CRC are above 70 years old®. For patients
with sporadic CRC, some of the risk factors include
environmental exposure and lifestyle characteristics
such as obesity, physical inactivity, meat consump-
tion (red or processed), tobacco, and alcohol. There
has been a recent surge in both the incidence and
mortality of sporadic CRC among younger patients.
This change is alarming and warrants better scree-
ning to optimize primary prevention through patient
education and addressing appropriate risk factors®.

Gout is characterized by high levels of uric acid
in the blood, typically higher than the limit of urate
solubility. Tt affects around 3% of the adult popu-
lation in the United States. Its incidence has been
trending upward for the past few decades®. Risk
factors for gout essentially include hyperuricemia,
older age, male sex, obesity, a diet high in animal
protein, alcohol, and fructose beverages. Typically, it
is most prevalent among older males with metabolic
syndromes. There are four stages of gout: asympto-
matic hyperuricemia, acute gout attacks, inter-critical
period, and chronic tophaceous gout. The disease
course progresses as uric acid accumulates in the
body, crystallizes, and eventually forms foreign body
granulomas (known as gouty tophi) which marks
chronic tophaceous gout”®.

There is a noticeable overlap in risk factors for
gout and colon cancer. Despite the overlap, there
has been increased evidence reporting on a poten-
tial association between hyperuricemia and colon
cancer. For instance, a prospective study in 2014 by
Orannapalai et al. reported that a serum uric acid
level higher than 7 mg% increased the rate of cancer-
-associated colorectal polyps”. More so, “the Kai-
luan study” prospectively examined a large cohort
of Chinese participants and demonstrated a positive
association between gout and colon cancer™. The
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mechanism for the cancerous effect of uric acid is
still uncertain. Despite having protective antioxidant
effects in some neurological disorders, uric acid also
acts as a pro-oxidant, potentially contributing to
chronic kidney disease progression, cardiovascular
events, hypertension, hyperlipidemia, metabolic syn-
drome, and diabetes'?. It is believed that the pro-
-oxidant effect of uric acid might precipitate carcino-
genesis in the colon®?.

The aim of this study is to provide further eviden-
ce on the association between chronic tophaceous
gout and CRC, with statistical awareness and mini-
mization of concomitant confounding by similarities
in risk factors.

METHODS

Database

Explorys Inc., Cleveland, OH, USA is a validated
multicenter and research platform database of more
than 360 hospitals from 26 different healthcare sys-
tems across the United States consisting of data ac-
cumulated from 1999 to September 2022. Explorys
was developed and has been prospectively maintai-
ned by IBM Corporation, Watson Health"?| including
electronic health record (EHR) from greater than 60
million unique patients and provide a broad regio-
nal distribution of the United States representing ap-
proximately 15% of the population. It was utilized
to construct a retrospective cohort analysis. A Sys-
tematized Nomenclature of Medicine-Clinical Terms
(SNOMED-CT) hierarchy? was used to select diag-
noses, findings, and procedures. Prescription drug
orders are mapped into SNOMED and RxNorm®”,
Institutional Review Board (IRB) was not required
as source data are de-identified. To protect patient
confidentiality, Explorys rounds population counts
to the nearest 10 and treats all counts between zero
and 10 as equivalent. The study was conducted in
accordance to the Declaration of Helsinki (as revised
in 2013). Access to the database is granted to parti-
cipating healthcare systems. Use of the Explorys pla-
tform has been validated in multiple fields including

gastroenterology®2V,

Patient selection
Adults over 18 years of age were included in the



study. Patients with a history of familial adenomatous
polyposis, a family history of colon cancer, and tho-
se diagnosed with inflammatory bowel disease were
excluded. A subgroup of patients with a diagnosis
of “CRC” was later selected and used in the analysis.
The control group was identified as adult patients
who did not have a diagnosis of CRC.

Statistical analysis

Patients who developed CRC were compared to
those who did not. A multivariate regression analysis
was performed to account for potential confounders
including male gender, smoking history, alcoholism,
obesity, type 2 diabetic individuals, and those who
have had diagnosis of chronic tophaceous gout. Age
was excluded from the data analysis to bring greater
clarity to the association between CRC and the other
parameters. A two-sided P value <0.05 was conside-
red as statistically significant, and all statistical analy-
ses were performed using R version 4.0.2 (R Founda-
tion for Statistical Computing, Vienna, Austria, 2008).

RESULTS

Descriptive epidemiology

80,927,194 individuals aged over 18 years were
screened in the database and 70,177,200 were selec-
ted after excluding familial adenomatous polyposis,
a family history of colon cancer, and inflammatory
bowel disease. The baseline characteristics of our co-
hort are displayed in TABLE 1.

TABLE 1. Baseline characteristics of patients with colorectal cancer
and control.

Colon cancer No colon cancer
(VO] (%)

Type 2 67,100 (28.57)

Diabetes Meliitus 5,581,130 (7.90)

Smoker 25790 (10.98) 3,733,140 (5.33)
Vale 117,630 31,043,450
(50.08) (44.67)
Obesity 43940 (18.71) 5,311,980 (7.59)
Alcohol 7370(3.13) 1,071,950 (1.53)
t%gf;g;ous sout 190 (0.08) 10,540 (0.01)
Total 234,840 69,942,360
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Type 2 diabetic (28.57%), smoking history
(10.98%), obesity (18.71%), alcoholism (3.13%), and
chronic tophaceous gout (0.08%) were more com-
mon in the CRC group compared to those without
the malignancy.

Risk and predictors of colon cancer in patients
using a multivariate regression analysis

In order to adjust for confounding variables, a
multivariate regression analysis was performed
(FIGURE D).
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FIGURE 1. Forest plot for risk of developing colorectal cancer.
T2DM: type 2 diabetes mellitus.

The risk of CRC was increased in male gender (OR:
1.02; 95%CL: 1.01-1.03), smokers (OR: 1.54; 95%CI:
1.52-1.56), alcoholics (OR: 1.40; 95%CI: 1.37-1.43),
obese patients (OR: 1.52; 95%CIL: 1.50-1.54), type
2 diabetic individuals (OR: 3.53; 95%CI: 3.50-3.57),
and those diagnosed with chronic tophaceous gout
(OR: 1.40; 95%CI: 2.48-3.23) as seen in (FIGURE 1).

DISCUSSION

Gout appears to be independently correlated with
having CRC, as displayed in our results after con-
trolling for known CRC risk factors (smoking, alcohol
consumption, gender, obesity, and type 2 diabetes).
This is the first US population-based study assessing
the relationship between those two diseases inde-
pendently of other mediating factors. Prior studies
looked at this association in different demographic
populations (Chinese, Taiwanese, and Swedish po-
pulations). The findings warrant more prospective
research on this topic and could imply encouraging
tighter uric acid control in patients at risk of develo-
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ping CRC. Moreover, this study can set the grounds
for further research that would incorporate uric acid
serum levels in future CRC screening tools.

The number of new cases of CRC reached 1,9
million worldwide in 2020 with around 100 000 de-
aths®?. According to the latest data from the Center
for Diseases Control and Prevention [CDC], the pre-
valence of CRC was 36.3 per 100 000 cases in the
United States®. This number is expected to rise with
the increased urbanization and the shift in lifesty-
les that come with it. CRC is more prevalent among
males and increases with age, but it is also multi-
factorial. Personal history of diabetes, inflammatory
bowel disease, and colonic polyps are known risk
factors for developing CRC. In addition to genetic
predisposition and family history of malignancy, 2
to 8% of CRC cases result from inherited syndromes
such as hereditary nonpolyposis colorectal cancer
(Lynch syndrome), and familial adenomatous poly-
posis (FAP). Lifestyle components also play an im-
portant role in developing CRC and include tobacco
smoking, alcohol consumption, visceral obesity, and
specific diets: high in red meat diets, low in calcium
and vit D and fibers®®. Interestingly, most of these
modifiable risk factors overlap with gout risk factors.
In fact, a recent study by Liu et al. examining gout-
-associated risk factors demonstrated that 65% of
gout incidence was related to obesity, hypertension,
and alcohol consumption, 2 of which are known risk
factors for CRC®’. Other common risk factors for
gout include obesity, high purine intake (found in
red meat), and advanced age®.

Given that this was a large population-based stu-
dy gathering data from more than 360 hospitals, its
findings should be generalizable and should reflect
the prevalence of the US population. The prevalence
of gout in this population sample (1%) is similar to
what is found in the literature®®”. Moreover, CRC risk
factors already established in previous literature®®
were consistent with our results further confirming
their generalizability.

This study found that patients with gout have a
significantly higher prevalence of CRC than those who
do not before and after adjusting for metabolic risk
factors (8% vs 1%; P<0.01). This result implies that
gout can be a causative factor of CRC through speci-
fic mechanisms rather than being an indicator or me-
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diator of metabolic factors. This result has not been
consistently reported in the literature, nor was it cle-
arly examined in the US population. On one hand, a
large-scale Swedish study that prospectively followed
patients with gout demonstrated a significantly incre-
ased risk of many neoplasms, including colorectal
cancer®. Additionally, a population-based Taiwanese
cross-sectional study exhibited the same result®”. Ho-
wever, in contrast to our analysis, both studies did not
account for the common risk factors mentioned abo-
ve. The results could therefore be explained by the
mediating effects of lifestyle habits (alcohol intake, red
meat consumption, physical inactivity). On the other
hand, another prospective nationwide Taiwanese stu-
dy that prospectively assessed this association failed
to show statistical significance after correcting for age,
sex, diabetes, hyperlipidemia, and hypertension®”
which contradicts our findings. It is important to note
that one major limitation of that study was its inability
to account for some CRC known risk factors such as
alcohol consumption, body mass index (BMI), and fa-
mily history of cancer, all of which were considered in
ours: besides controlling for BMI and alcohol intake,
patients with a family history of cancer were excluded
from the study. While US studies did not explore gout
itself, a prior study by Orannapalai et al. did look at
uric acid levels and reported that levels above 7 mg/
dL were associated with developing cancer-associa-
ted polyps (OR=2.51; CI= [1.35-4.65D®. This finding
is promising and complements our results. More re-
search is still however needed to define specific uric
acid level cut-offs mediating this relationship. Serum
uric acid control could be incorporated into future
screening protocols and in the lifestyle recommenda-
tions of patients at risk of CRC.

Gout’s independent association with developing
CRC could have many plausible explanations. Recent
theories indicate that uric acid plays a dual role as
an antioxidant and pro-oxidant. While these roles
seem paradoxical, the effect of uric acid is highly de-
pendent on its microenvironment: Intracellular uric
acid appears to hold pro-oxidant effects while its
antioxidant role is prominent in hydrophilic environ-
ments®'#?. Oxidative stress is a known risk factor for
carcinogenesis and notably colon cancer?. In addi-
tion, dysbiosis of the intestinal microbiota appears
to be a common mechanism in both CRC initiation



and progression as well as in gout®*3?, Finally, it is
possible that patients with CRC could be using chro-
nic medication (thiazide diuretics) or chemotherapy
regimens that could be elevating uric acid levels by
either affecting renal reabsorption or causing tumor
lysis syndrome, respectively®>3®.

It is worth mentioning that the cross-sectional na-
ture of this database study limited the ability to draw
causality associations. While the results indicate that
a statistically significant correlation exists betwe-
en having gout and CRC, it is not possible to prove
with the given data which one led to the other. For
this reason, prospective studies examining this ou-
tcome (developing CRC) will be needed for a more
in-depth interpretation. In addition to that, due to
the limitations of the database itself, dietary factors
could not be taken into account in the multivariate
regression model and could have affected the final
results. In fact, studies have consistently shown that
red meat consumption is a known risk factor for both
gout and CRC*”, Age is an established factor for both
gout and CRC. This variable was subtracted from our
model for the sole purpose of highlighting the asso-
ciation between the other parameters more clearly.
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CONCLUSION

Gout appears to be independently associated
with developing CRC. Uric acid’s oxidative proper-
ties could mediate this relationship. Further prospec-
tive studies are needed to better understand this as-
sociation and elucidate the mechanisms that foster it.
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Boustany A, Rahhal R, Mitri J, Onwuzo S, Zeid HKA, Asaad 1. Risco aumentado de cincer colorretal em pacientes com gota toficea
cronica: um estudo populacional. Arq Gastroenterol. 2023;60(3):339-44.
RESUMO — Contexto — O cincer colorretal € o terceiro tipo mais comum de cancer em homens e mulheres e ocupa o segundo lugar

como a causa mais comum de morte por cincer nos EUA. Os fatores de risco classicos incluem tabagismo, alto consumo de alcool,
inatividade fisica e excesso de peso corporal. Um estudo prospectivo descobriu que um acido Grico sérico elevado estava associado
a taxas mais altas de polipos associados ao cincer. Curiosamente, outros estudos encontraram uma associacao entre niveis elevados
de acido trico sérico e outros tipos de cancer, incluindo o cincer colorretal. Objetivo — Nosso estudo teve como objetivo avaliar
se 0s pacientes com gota tofacea cronica tinham um risco aumentado de desenvolver cincer colorretal. Métodos — Utilizou-se um
banco de dados validado multicéntrico e de plataforma de pesquisa de mais de 360 hospitais de 26 diferentes sistemas de satde
nos Estados Unidos para a construcdo deste estudo. Foram incluidos pacientes com 18 anos ou mais. Individuos com historico de
polipose adenomatosa familiar, historico familiar de cAncer de colon e aqueles diagnosticados com doenga inflamatoria intestinal fo-
ram excluidos da andlise. O risco de desenvolver cincer de colon foi calculado usando uma andlise de regressao multivariada para
contabilizar possiveis confusdes. Resultados — 80.927.194 individuos foram rastreados no banco de dados e 70.177.200 foram sele-
cionados na andlise final apos considerar critérios de inclusio e exclusdo. Diabéticos tipo 2 (28,57%), fumantes (10,98%), individuos
obesos (18,71%), alcoodlatras (3,13%) e pacientes que tiveram diagnostico de gota tofacea cronica foram mais comuns no grupo de
cancer de colon em comparagido com aqueles sem a malignidade. Usando a andlise de regressaio multivariada, o risco de cancer
de colon foi calculado para o sexo masculino (OR: 1,02; 1C95%: 1,01-1,03), fumantes (OR: 1,54; 1C95%: 1,52—1,50), alcodlatras (OR:
1,40; 1C95%: 1,37-1,43), pacientes obesos (OR: 1,52; 1C95%: 1,50-1,54), individuos diabéticos tipo 2 (OR: 3,53; IC95%: 3,50-3,57), e
aqueles que tiveram diagnostico de gota tofacea cronica (OR: 1,40; IC95%: 2,48-3,23). Conclusdo — Como esperado, os pacientes
com cancer de colon foram encontrados com maior prevaléncia em homens, obesos, usudrios de tabaco e alcool. Demonstramos
também que os pacientes com gota t€m uma prevaléncia significativamente maior de cancer colorretal do que aqueles que ndo a
teém, antes e apos o ajuste para fatores de risco metabdlicos. De fato, descobriu-se que o dcido trico induz a producdo de espécies
reativas de oxigénio, promovendo assim potencialmente a tumorigénese. Seria interessante avaliar a prevaléncia de cancer de colon
em pacientes com gota que tém um acido rico sérico inferior a 7 mg/dL. Isso poderia promover um controle mais rigido dos niveis
de acido arico sérico nesta popula¢do para diminuir o risco de cincer de colon.
Palavras-chave — Cincer colorretal; gota tofiacea; cincer de colon; gota.
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