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Abstract

Background: Clostridioides difficile (C. difficile or C. diff) is a toxin-
producing bacteria that is notorious for causing life-threatening diar-
rhea. Recent literature has investigated various effects of Clostridi-
oides difficile infection (CDI) in cancer patients, but research into the
impact of CDI on the development of cancer and its effects on the
microbiome is limited. CDI predominately affects the colon, which
urges consideration into the sequalae of infection. This study inves-
tigated the correlation between CDI and the incidence of colorectal
carcinoma (CRC).

Methods: A retrospective study (2010 - 2020) was conducted us-
ing a Health Insurance Portability and Accountability Act (HIPAA)
compliant national database. The International Classification of
Disease ninth and 10th Codes (ICD-9, ICD-10), Current Procedural
Terminology (CPT), and National Drug Codes were used to identify
CRC diagnosis, CDI, and matching or control parameters. Patients
were matched for age, sex, Charlson Comorbidity Index (CCI),
region of residence, and CDI treatment. An additional, but sepa-
rate, query was executed to include obese patients with and without
CDI, who were similarly matched and assessed for CRC. Statistical
analyses were implemented to assess significance and estimate odds
ratios (ORs).
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Results: CDI was associated with a decreased incidence of CRC (OR
=0.59, 95% confidence interval (CI): 0.55 - 0.63), and the difference
was statistically significant (P <2.2 x 10-16), CDI treatment, including
appropriate antibiotics and fecal microbiota transplant (FMT), was
controlled for in both infected and noninfected populations. Patients
with a prior CDI who received relevant treatment were compared to
patients with no history of CDI and received analogous treatment.
Both populations subsequently developed CRC. Results remained
statistically significant (P < 2.2 x 1071%) with a relative risk (RR) of
0.57 (95% CI: 0.54 - 0.60). Obesity was explored as a controlled
variable in relation to CRC development in patients with and without
prior CDI. Obese patients without a history of CDI were found to
have a decreased risk of developing CRC. Results were statistically
significant (P < 4.3 x 101%) with an OR 0of 0.70 (95% CI: 0.63 - 0.77).

Conclusions: This study shows a statistically significant correlation
between CDI and decreased incidence of CRC. Additionally, there is
a statistically significant correlation between obese patients with CDI
and an increased incidence of CRC. Further research is needed to ex-
plore the mechanism of this striking relationship and the implications
of CDIs on the microbiome.
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Introduction

Colorectal cancer (CRC) comprises of two separate primary
cancers with different pathophysiologies and outcomes [1].
However, clinicians often use the term “colorectal cancer” or
colon, for short, interchangeably to include cancer of the co-
lon and/or rectum [2]. For the purposes of this study, the term
“colorectal cancer” will be used to include cancer of the colon
and/or rectum. Excluding skin cancers, as of 2022, CRC was
the fourth most common cancer and fourth leading cause of
cancer-related death among both men and women in the Unit-
ed States [3]. In 2020, CRC was the fourth most common can-
cer and second leading cause of cancer-related death in men
and women in the United States [4]. Although cancer patients
and their families have enjoyed increasing rates of cure, CRC
continues to be a disease that poses a major problem [5]. This
study aimed to explore and further contribute to this global
effort in better understanding, preventing, and treating CRC.
The objective of this study was to investigate the correlation
between prior infection with Clostridioides difficile (C. diffi-
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cile or C. diff) and incidence of CRC.

Recently, there has been a rapid increase in interest among
researchers in analyzing the gut microbiome and its relationship
to health and well-being. One popular and seemingly significant
relationship is between the microbiome and CRC. Most litera-
ture unanimously suggests the microbiome is involved in the
development, formation, and progression of CRC. The microbi-
ome has also been implicated in affecting response to treatment
in patients with CRC [6, 7]. The overwhelming research and
evidence into the correlation between the gut microbiome and
CRC has sparked many novel approaches towards the treatment
of CRC. Microbiome modulation is one strategy that has been
proposed, and as research continues to advance, more proposals
to CRC treatment and prevention arise [8].

Dysregulation in the microbiome has been suggested to
contribute to colorectal carcinogenesis. Specifically, several
bacterial species have been identified in contributing to micro-
biota dysregulation and colorectal tumorigenesis [9]. Although
the mechanism(s) behind this relationship is not well under-
stood, a significant amount of attention and effort continue
in this area of research. C. diff is one species of bacteria that
has gained notoriety among researchers in the lens of CRC.
However, C. diff has not been as uniformly linked to CRC
compared to other bacteria strains. C. diff is a toxin-producing
bacteria that predominately affects the colon and ranges in dis-
ease severity. Clostridioides difficile infection (CDI) is often
associated with antibiotics and can cause severe, sometimes
fatal, diarrhea [10]. CDI is estimated to afflict nearly half a
million patients in the United States each year [11].

It is straightforward how a toxin-producing bacteria in
the colon more than likely leads to a disrupted microbiome.
Whether this disruption, or stress, on the microbiome is ex-
clusively harmful is unclear. Despite CDI’s wide-reaching
effect on the population and a large body of literature on its
pathogenesis, research is limited on its relationship to CRC
development in humans. The purpose of this study was to as-
sess the incidence of CRC following CDI in human patients.
We hypothesized that CDI would be associated with an overall
increased risk of CRC.

Materials and Methods

Data extraction and analysis

Data from this study were obtained via a Humana Health In-
surance Portability and Accountability (HIPAA) complaint
database. Access to this database was granted by Holy Cross
Health, Fort Lauderdale, for the purpose of academic research.
A retrospective analysis study was conducted using data gath-
ered from January 2010 to December 2020 using the Interna-
tional Classification of Disease ninth and 10th Codes (ICD-9,
ICD-10) for CRC and CDI, and National Drug Codes (NDC)
for antibiotics used to treat CDI. The control group consisted
of patients without a history of CRC, while the experimen-
tal group consisted of patients with a history of CRC. Patients
were subsequently matched by age, sex, region of residence,
CDI treatment, and Charlson Comorbidity Index (CCI). The
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CCI score predicts the risk of mortality within 1 year of hos-
pitalization in patients with specific comorbidities. A separate
but concurrent matching was performed on obese patients with
and without CDI to assess the incidence of CRC. A diagnosis
of CRC was the primary outcome measure of this study. Data
analysis was performed using the PearlDiver statistical analy-
sis software, which contains over 41 billion HIPAA-compliant
patient records derived from private insurance claims from Hu-
mana, United Healthcare, and Medicare [12]. The database in-
cludes all payer types such as commercial, self-pay, Medicare,
and Medicaid. To meet the inclusion criteria, patients needed to
have an active status in the database for at least 8 years. CRC
diagnosis must have occurred following CDI for inclusion in
the study. At the time of the query, 286,328 patients were identi-
fied in the CDI cohort and 500,000 patients were identified in
the non-CDI cohort. CRC incidence was the primary outcome
measure of this study. Statistical analysis performed includes
Chi-squared test, odds ratio, and estimated risk.

Literature review

A literature review was performed to further probe the as-
sociation between CRC and CDI. The review was primarily
conducted using the following search engines: PubMed (2005
to present) and Google Scholar (2005 to present). Keywords

CLINNT3

such as “colorectal cancer”, “Clostridioides difficile”, “micro-
biome”, “infection”, and “tumorigenesis” were utilized. The
primary findings from this literature review supported the con-
cept that the inflammation from CDI may contribute to colonic
cell damage, which then may lead to oncogenic mutations ulti-
mately leading to CRC. However, much of the data have been
reported in vitro such as in cell culture and mouse models, and

human studies on this topic appears to be lacking.
Institutional Review Board (IRB) approval

This study was exempt from IRB approval as all data were
obtained from a database that provided deidentified patient in-
formation. Ethical compliance with human study was not ap-
plicable.

Results

Patients with CDI had a significantly lower incidence of
CRC

Figure 1 describes the stepwise approach in which results were
obtained for our study. At the time of the query, the PearlDiver
database identified 286,328 patients with a history of CDI and
500,000 without a history of CDI. Initial matching resulted
in 78,863 patients with a history of CDI and 78,863 patients
without a history of CDI. In the CDI group (dark blue column
on left in Fig. 2), 1,352 out of 78,863 patients (1.71%) devel-
oped CRC. In the control group (light blue column on left in
Fig. 2), 2,285 out of 78,863 patients (2.90%) developed CRC.
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(n=286,328)
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matching criteria

Developed CRC }
(n=14,004)

(n=513)

Figure 1. Diagram depicting the grouping of patients according to various matching criteria. Patients were initially matched by
age, sex, and CCI. Patients were then subsequently matched by treatment. Incidence of CRC was assessed in all groups. CRC:
colorectal carcinoma; CCl: Charlson Comorbidity Index; C. diff: Clostridioides difficile.

The difference in CRC incidence between the CDI and control
groups was statistically significant (P < 2.2 x 10716). The CDI
and control groups were then subsequently matched based on
treatment, including antibiotics and fecal microbiota transplant
(FMT). Subsequent treatment matching resulted in 14,004 pa-
tients with a history of CDI and 14,004 patients without a his-
tory of CDI. In the CDI group (dark blue column on right in
Fig. 2), 255 out of 14,004 patients (1.82%) developed CRC. In
the control group (light blue column on right in Fig. 2), 513 out

5.0
p <0.00001

——
4.0

3.0 2.90

2.0

% Patients with CRC

1.0

0.0
Matched (n=78,863)

of 14,004 patients (3.66%) developed CRC. The difference in
CRC incidence between the experimental and control groups
was statistically significant (P < 2.2 x 10719), indicating that
CDI was associated with a decreased incidence of CRC. The
relative risk of patients with CDI prior to treatment matching
was calculated as 0.59 (95% confidence interval (CI): 0.55 -
0.63), while the relative risk of patients with CDI following
treatment matching was calculated as 0.50 (95% CI: 0.43 -
0.58) (Fig. 3).

p <0.00001

——

3.66

Matched with Tx (n=14,004)

Patient Groups

m CDI

m Control

Figure 2. Incidence of colorectal cancer in patients with (dark blue column on left) and without (light blue column on left) a his-
tory of CDI after initial matching. Incidence of colorectal cancer in patients with (dark blue column on right) and without (light
blue column on right) a history of CDI after subsequent matching by treatment. Significance was assessed using Student’s t-test.
CRC: colorectal carcinoma; CCI: Charlson Comorbidity Index; CDI: Clostridioides difficile infection; C. diff: Clostridioides difficile.
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Figure 3. Incidence of colorectal cancer by age of patient, separated by prior history of CDI (dark blue columns) and no prior
history of CDI (light blue columns). CDI: Clostridioides difficile infection.

Patients with CDI had a decreased incidence of CRC in
most age groups

Stratification of the data by age revealed a trend among
rates of CRC diagnosis among both CDI and control groups.
In both groups, consistent with nationally observed rates of
CRC, incidence of CRC diagnosis increased as age increased,
and ultimately peaked at age 70 - 74. The incidence of CRC
is increased in the control group (light blue columns in Fig.
4) compared to the CDI group (dark blue columns in Fig. 4)
across all ages, apart from the 25 - 29 cohort.

Patients with CDI had a decreased incidence of CRC
across geographical regions

Stratification of the data by region of residence also revealed
a trend among rates of CRC diagnosis among both CDI and
control groups. The data were separated into four key regions
in the United States, namely the Midwest, Northeast, South,
and West. Throughout all four regions, the incidence of CRC
increased in the control group (light blue columns in Fig. 5)
compared to the CDI group (dark blue columns in Fig. 5). The
highest incidence of CRC in both CDI and control groups was
in the South.

Obese patients with CDI had an increased incidence of
CRC compared to obese patients without CDI

To understand whether obesity played a role in the incidence
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of CRC in patients with prior CDI, the original data from the
PearlDiver database were then matched again, this time, con-
trolling for obesity. Re-matching resulted in 28,004 patients
with a history of CDI and 28,004 patients without a history of
CDL. Prior to re-matching, patients with CDI and with obesity
encompassed 0.46% of patients diagnosed with CRC (dark
blue column on left in Fig. 6) while patients without CDI and
with obesity encompassed 0.67% of patients diagnosed with
CRC (light blue column on left in Fig. 6). After re-matching
and controlling for obesity, patients with CDI and with obe-
sity encompassed 3.63% of patients diagnosed with CRC (dark
blue column on right in Fig. 6), while patients without CDI and
with obesity encompassed 2.56% of patients diagnosed with
CRC (light blue column on right in Fig. 6). The difference in
CRC incidence between the CDI and control groups following
re-matching and controlling for obesity was statistically signif-
icant (P <4.3 x 10-13) with a OR 0of 0.70 (95% CI: 0.63 - 0.77).

Discussion

CRC is one of the most common malignancies in adults [13].
The incidence of CRC worldwide is increasing, comprising
11% of all cancer diagnoses [14]. Many factors likely con-
tribute to the development of this disease, including genetic
and environmental ones. Recent literature has suggested that
the gut microbiome may be an additional important fac-
tor that contributes to the etiology of this disease [15]. The
composition of the gut microbiota is important in carcinogen-
esis, and certain microbial populations have been thought to
be carcinogenic [16]. A recent study found that alterations in
gut microbiota and the resultant production of various bacte-
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Figure 4. Incidence of colorectal cancer by region of residence in the United States, separated by prior history of CDI (dark blue
columns) and no prior history of CDI (light blue columns). MW: Midwest; NE: Northeast; SO: South; WE: West; CDI: Clostridi-
oides difficile infection.

rial metabolites ultimately led to the expression of various cell Throughout adulthood, the gut microbiome remains relatively
signaling pathways that are believed to play a role in CRC de- stable but can be affected due to diet, exercise, body mass in-
velopment and onset [17]. The composition of the gut micro- dex (BMI), antibiotic use, and external stressors such as infec-
biota is largely shaped in infancy, due to factors such as type of tion and disease [18]. Infection by C. diff, a toxin-producing
birth delivery, method of milk feeding, and date of gestation. bacteria, leads to disruption of the gut microbiome leading to
—
CDI with
Treatment
. 1
CDI
I T T T T 1
0.00 0.20 0.40 0.60 0.80 1.00
Relative Risk

Figure 5. Calculation of relative risk (RR). RR = 0.59 in patients with CDI prior to matching for treatment (bottom data point) and
RR = 0.50 patients with CDI following treatment matching (top data point). CDI: Clostridioides difficile infection.
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Figure 6. Incidence of colorectal cancer in obese patients with CDI (dark blue column on left) and obese patients without CDI
(light blue column on left) using the original matching criteria. Incidence of colorectal cancer in obese patients with CDI (dark blue
column on right) and obese patients without CDI (light blue column on right) after obesity-controlled matching. Significance was
assessed using Student’s t-test. *P < 0.05. CDI: Clostridioides difficile infection.

tissue damage and destruction [19]. It is possible that severe
and/or prolonged infection by C. diff may lead to irreversible
oncogenic changes in the gut mucosa, ultimately leading to the
development of CRC. The aim of this study was to evaluate the
incidence of CRC in patients with CDI.

Upon initial matching, this study found a decreased
incidence of CRC in patients with CDI compared to those
without a history of CDI. This effect held true even after
controlling for differences in treatment. This may be due to
various reasons. For one, although infections pose a signifi-
cant and immediate stress on the body, the long-term effect
of this stress may not be easily ascertained. In fact, numerous
studies have demonstrated an inverse relationship between
acute infection and cancer development [20]. This may be
because acute infections are typically characterized by rapid
onset and production of cytokines and acute phase reactants,
signaling a robust immune response; conversely, a chronic
infection may indicate a failure or retardation of the immune
system, therefore increasing susceptibility for development
of malignancy. In terms of directly studying the link between
infection and cancer, most infections that contribute to cancer
are caused by viruses such as Epstein-Barr virus, human pap-
illomavirus, hepatitis B virus, and hepatitis C virus [21]. The
link between bacterial infections and cancer is not as widely
established. It is plausible that biological stressors posed by
CDI subsequently leads to physiologic changes in the colonic
mucosa, prompting change and adaptation in the gut micro-
biota. However, various studies have indicated that the op-
posite phenomenon may be true. A study in mice found that
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infection with toxigenic C. diff propagated the tumorigenic
phenotype of CRC cells but was dependent on the presence
of the TcdB toxin [22]. In short, the link between infection
and oncogenesis appears to be complex and may depend on
the specific toxigenic strain of CDI. It is necessary to explore
the varied connections that exist within the microbiota, both
the internal and external environment, to fully understand
how changes within the microbiome may affect the risk of
malignancy [23].

Body weight is another factor that was measured in this
study that also is known to affect the composition of the gut
microbiota [18]. Upon matching and controlling for obesity,
this study found an increased incidence of CRC in obese pa-
tients with CDI compared to obese patients without CDI. This
is perhaps less surprising, as obesity is a known risk factor
for a variety of cancers [24]. Specifically, men of all ages and
premenopausal women are at significantly increased risk for
colon cancer if they are obese [25]. Obesity has been linked
to low-grade chronic inflammation, and specifically the ac-
cumulation of proinflammatory intestinal macrophages in the
colon [26, 27]. It is plausible that obesity has an additive effect
when combined with CDI, leading to increased inflammatory
changes in the colon and ultimately increasing the risk of ma-
lignancy. Ultimately, this finding supports the idea that obese
patients with a history of CDI should consider more frequent
or diligent screening for CRC, as their rate of malignancy may
be heightened compared to individuals without this specific set
of comorbidities.

Limitations of this study include potential confounding
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factors that were unable to be controlled for in the study meth-
ods. Such confounding factors include antibiotic use prior to
CDI. As previously stated, antibiotic use is a known factor that
alters the gut microbiome [18]. Additionally, antibiotic use is
the strongest modifiable risk factor for CDI [28]. It is plausi-
ble that antibiotic use prior to CDI significantly and/or perma-
nently alters the gut microbiome in some individuals, thereby
altering their risk of CRC development. Furthermore, CDI is
a disease that presents with a wide range of symptoms and
sequelae, such as the life-threatening toxic megacolon. The
study was unable to account for the severity of CDI infection,
which may also inherently affect levels of inflammation in the
colon and one’s risk for CRC. Finally, the study was unable to
account for the timing of CRC diagnosis after CDI. A recent
large-scale study found an increase in CRC diagnosis in the
first 4 years following CDI [29]. It is unclear how the inci-
dence of CRC differs based on the time after CDI resolution,
which may be an important prognostic factor for this disease.
This information, if accessible, could further define the con-
clusions of this study and better help understand the nuanced
relationship between CDI and CRC. Future studies should aim
to understand the specific changes in the gut microbiome as a
result of CDI, and how this may contribute to the development
of CRC.

Conclusions

This study demonstrates a decreased incidence of CRC in pa-
tients with a history of CDI compared to patients without a
history of CDI. When obesity was controlled for, there was
an increased incidence of CRC in patients with a history of
CDI compared to patients without a history of CDI. Further
research is necessary to fully understand the association be-
tween CDI and CRC, and how the above findings are related
to changes in the gut microbiome.
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